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(57) Abstract 

A mcdiod and apparatus for propelling a tool having a body within a passage. The tool includes a gripper including at least a grippcr 
portion which can assume a first position that engages an inner surface of the passage and limits relative movement of the grippcr portion 
relative to iHe inner surface. The grippcr portion can also aissume a second position that permits substantially free relative movement 
between the gripper portion and the iraicr surface of the passage. The tool includes a propulsion assembly for selectively continuously 
moving the body of the tool with respect to the gripper portion while the gripper portion is in die first position. This allows die tool to 
move different types of equipment within the passage. For example, the tool advantageously may be used in drilling processes to provide 
continuous force to a drill bit This enables the drilling of extended horizontal boreholes. Other preferred uses for the tool include well 
completion, logging, retrieval, pipeline service, and communication line activities. 



FOR THE PURPOSES OF INFORMATION ONLY 

Codes used to identify States paity to the PCT on the front pages of pamphlets publishing international 
applications under PCT. 



AM 


Aimenia 


GB 


United IQugdom 


MW 


Malawi 


AT 


Austria 


GE 


Geoigia 


MX 


Mexico 


AU. 


Australia' 


GN 


Guinea - 


NE 


Niger 


BB 


Basbados 


GR 


Gieece 


NL 


Netheriands 


BE 


Belgium 


HU 


Hungaiy 


NO 


Norway 


BF 


Buildna Faso 


IE 


Ireland 


NZ 


New Zealand 


BG 


Bulgaria 


IT 


Italy 


PL 


Poland 


BJ 


Benin 


JP 


Japan 


FT 


Portugal 


BR 


Biazi] 


. KE 


Kenya 


RO 


Romania . 


BY 


Belanis 


KG 


Kyigystan 


RU 


Russian Fedeniion 


CA 




KP 


Demociattc People's Republic 


SD 


.Sudan 


CF 


Cemnl African Republic 




of Kofca 


SE 


Sweden 


CG 


Congo 


KR 


Republic of Knea 


SG 


Singapore 


CH 


Switsrland 


KZ 


Kazakhstan 


SI 


Slovenia 


a 


Cete d'lvmre 


U 


Liechtenstein 


SK 


Slovakia 


CM 


Cameroon 


LK 


Sri LarkA 


SN 


Senegal 


CN 


China 


LR 


Liberia 


SZ 


Swaziland 


CS 


Czechoslovakia 


LT 


Uthuania 


TD 


Chad 


CZ 


Czech Republic 


LU 


Luxembourg 


TO 


Togo 


DE 


Gcnnany 


LV 


Latvia 


TJ 


Tapkistan 


DK 


Deomailc 


MC 


Monaco 


TT 


Trinidad and Tobago 


EE 




MD 


Republic of Moldova 


UA 


Ukraine 


BS 


Slpabi 


MG 


Madagascar 


UG 


Uganda 


n 


Finland 


IML 


Mali 


US 


United States of America 


FR 


France 


MN 


Mongolia 


UZ 


Udiekistan 


GA 


Gabon 


MR 


Mauritania 


VN 


Viet Nam 



wo 97/08418 PCT/US96/13573 

PULlER-THRUSnR DOWNHOLE TOOL 
Field of the Invention 

The present invention relates generally to methods and apparatus for movement of equipment in passages, 
and more particularly, the present invention relates to drilling incbied and horizontally extending holes, such as an 
5 oil welL 

Background of the Invention 
The art of drilling vertical inclined, and horizontal holes plays an important role in many industries such as 
the petroleum, mining, and communications industries. In the petroleum industry, for example, a typical oil weD 
comprises a vertical borehole which is drilled by a rotary drilt bit attached to the end of a drill strmg. The driQ string 

10 is typically constructed of a series of connected Gnks of drill pipe which extend between surface equqiment and the 
drin bit. A drilling fluid, such as drilGng mud, b pumped from the surface through the interior surface or flow channel 
of the drill string to the drill bit. The drilling fluid is used to cool and hibricate the drill bit, and remove debris and 
rock chips from the borehole created by the drilling process. The drilling fluid returns to the surface, carrying the 
cuttings and debris, through the space between the outer surface of the drill pipe and the inner surface of the 

IS borehole. 

Conventional driflmg often requires drilBng numerous boreholes to recover. o3, gas, and mineral deposits. 
For example, drilling for oil usually includes drilling a vertical borehole, until the petroleum reservoir is reached. Oil . 
is then pumped from the reservoir to the surfaca As known in the industry, often a large number of vertical 
boreholes must be drilled within a small area to recover the oil within the reservoir. This requires a large investment 
20 of resources, equipment, and is very expensive. Additionally, the oil within the reservoir may be difficult to recover 
for several reasons. For instance, the size and shape of the ofl formation, the depth at which the o9 is located, and 
the location of the reservoir may make exploitation of the reservoir very difjftcult. Further, drilling for oil located 
under bodies of water, such as the North Sea, often presents greater difficiilttes. 

In order to recover oil from these difficult to exploit reservoirs, it may be desirable to driD a. borehole that 
25 is not vertically orientatedl For example, the borehole may be initiaBy drBled vertu:ally downwardly to a 
predetermined depth and then drilled at an inclination to vertical to the desired target location. In other situations, 
it may be desirable to drill an incfined or horizontal borehole beginning at a selected depth. This allows the oil 
located in dif f icult-to-reach locations to be recovered. These boreholes with a horizontal component may also be used 
in a variety of circumstances such as coal exploration, the construction of pipelines, and the construction of 
30 communications lines. 

While several methods of drilling are known in the art, two frequently used methods to drill vertical, inclined, 
and horizontal boreholes are generally known as rotary drilling and colled tubing drilling. These types of drilling are 
frequently used in conjunction with driDIng for oil. In rotary dnlfing, a drOl string, consist'mg of a series of connected 
segments of drill pipe, is towered from the surface using surface equipment such as a derrick and draw works. 
35 Attached to the lower end of the drill string is a bottom hole assembly. The bottom hole assembly typicaDy includes 
a drill bit and may inchide other equipment known in the art such as drill collars, stabilizers, and heavy-weight pipe. 
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The other end of the driD string is connected to a rotary tabte or top drive system bcated at the surface. The top 
drive system rotates the driD string, the bottom hole assembly, and the driD bh, aDowing the rotating driD bit to 
penetrate into the f ormatnin. In a vertically drSIed hole, the driD bit is forced into the formation by the weqht of 
the driD strmg and the bottom hole assembly. The weight on the drOI bit can be varied by controlfing the amount 
5 of support provided by the derrick to the drQI string. This aDows, for example, driifing into different types of 
formations and controDing the rate at which the borehole is drilled. 

The direction of the rotary driOed borehole can be gradually altered by using known equipment such as a 
downhote motor with an adjustable bent housing to create incSned and horizontal boreholes. Downhole motors with 
bent housings allow the surface operator to change drill bit orientation, for example, with pressure pulses from the 
10 surface pump. It will be understood that orientation includes inclination, asmuth, and depth components. Typical 
rates of change of orientation of the driD strmg are 1-3 degrees per 100 feet of vertical depth. Hence, over a 
distance of about 3,000 feet, the drOI string orientation can change from vertical to horizontal relatwe to the surface; 
A gradual change in the direction of the rotary drilled hole is necessary so that the driD string can move within the 
borehole and the flow of drSEng fhiM to and from the driD bit is not disrupted. 
15 Another type of known driOing is cofled tubing drilfog. In coited tubing drffling, the driD string tubing is fed 

into the borehole by an injector assembly. In this method the coDed tub'mg driD string has speciaDy designed driB 
coDars located proximate the drOI bit that apply we^ht to the driD bit via gravity puD. In contrast to rotary driffing. 
the drill string is not rbtatel bistead, a downhole motor provides rotatum to the driD bit. Because the coiled tubing 
is not rotated or used to force the driD bit into the fonnation, the strength and. stiffness of the coDed tubing is 
20 typically much less than that of the driD pipe used m comparable rotary driOing. Thus, the thickness of the coOed 
tubing is generally less than the driD pipe thickness used in rotai7 .drDling, and the coOed tubing generaUy cannot 
withstand the same rotatmnal and tension forces in comparison to the driO pipe used ni rotary driDhig. 

A known method and apparatus for drifing laterally from a vertical weV bore is disclosed in U^. Patent 
No. 4,365,676 issued to Boyadfieff , et al. The Boyadfieff patent discloses a pneumatically powered driOing unit 
25 which is housed b a speciaDy designed carrier, and the carrier and drDSng unit are lowered to a desired position 
within an existing vertical weD bore. The carrier and drilbig units are then pivoted into a horizontal position within 
the vertical vveD bore. This pivotal movement is triggered by a person bcated et the surface who puDs a string or 
cable that is attached to one end of the carrier unit. From this horizontal positbn, the drDling unit leaves the carrier 
unit and begms drilBng laterally to create an abrupt switch from a vertical to a bteral hole. The carrier is removed 
30 from the weD bore once the drilling unit exists the carrier unit. 

The drDling unit disclosed in the Boyadjieff patent discharges air near the drDI bit to push the cuttings and 
rock chips created by the drfliing process around the drilling unit. These cuttings are supposed to f aO into a sump 
located at the bottom of the vertical weD bore. This causes the bottom end of the vertical weD bore to be fiOed 
w'rth debris and prevents the use of the vertical weD bore. The debris may also have a tendency to plug and f ID 
35 . the lateral hole. The driDing unit moves within the lateral hole by a series of teeth which are adapted to engage 
the stdewaD of the lateral hole whOe the hole is bemg bored. These teeth transfer the driifing forces, to the sidewaDs 
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of the hole to allow the drBl bit to be pushed into the formatbn. The drSbig unit b also connected to a cable 
guiding and withdrawal tool that is inserted into the vertical well bore to aOow removal of the carrier and drifing 
unit from the lateral hole. 

Another method and apparatus for f omiing lateral boreholes within an existing vertical shaft is disclosed 
5 in U.S. Patent No. 5,425,429 issued to Thompson. The Thompson patent discloses a device that is lowered into 
a vertical shaft, braces itself against the sidewafl of the vertical shaft, and applies a drBSng force to penetrate the 
wall of the vertical shaft to form a laterally extending borehole. The device is generafly cylindrical and includes a 
. top section that is sealed to allow complete immersion in drfflmg mud. The top section also contains a turbine that 
is powered by the drBling mud. The bottom section of the device is open to the vertical shaft. The device is held 
10 in place within the vertical shaft by a series of anchor shoes that are forced by hydraulic pistons to engage the 
sidewall of the vertical shaft. These hydraulic pistons are powered by the turbine located in the top section of the 
device. 

The device disclosed in the Thompson patent is anchored within the existing vertical shaft to provide 
support for the drilling unit as it drills latisraHy. The drilGng unit uses an extendable insert ram to drill laterally into 

15 the surrounding formation. The insert ram consists of three concentric cylinders that are teiescopically sGdable 
retathre to each other. The cybiders are hydrauScafly operated to extend and retract the insert ram within the lateral 
borehole. A supply of modular drill elements are cyclicaly inserted between the insert ram and the drill bit so that 
the insert ram can extend the drO bit into the surrounding formatbn. In operation, the drilling unit must be stopped 
and retracted each time the length of the insert ram b to be mcreased by bsertmg additional modular drifl elements. 

20 The insert ram must then re-extend to the end of the lateral borehob to begb drDEng again. 

A further method for creatmg bteral bores b described m U.S. Patent No. 5,010,965 bsued to Schmelzer. 
The Schmelzer patent dbcioses a self-propeDed ram boring machme for making earth bores. The syston b operated 
usmg compressed air and b driven fay a pbton which triggers perbdb blows by a strikmg tip. 

. U.S. Patent No. 3,827,512 bsued to Edmond dbcioses an apparatus for applying a force to a drill bit. The 

25 apparatus drhres a strikmg bit, under hydrauBc pressure, against a formatbn which causes the strikmg bit to form 
a borehob. In particular, the body of the apparatus b a cyfinder containing two hydrauGcally operated pbtons. 
Connected to the pistons are two anchoring assembfies whbh are tocated around the exterbr surface of the tool 
The anchoring assemblies contain a plurality of serratbns and are periodically actuated to engage the sidewafl of 
the borehole. These anchors provide support for the apparatus within the borehole such that a driD bit can be forced 

30 into the formation. Jhe drill bit, however, can only be pushed in one directbn. Additbnally, the drill, bit can only 
be perbdically pushed into the formatbn because the apparatus must repeatedly unanchor and repressurbe the pbton 
chambers to move within the borehob. 

Summary of the Invention 

The present invention provides bnproved methods and apparatus for movement of equipment in passages. 
35 In a preferred embodiment, the present inventbn provides improved methods and apparatus for movmg drilling 
equipment in passages. More preferebly, the present invention aflows drilling equipment to be moved within inclined 
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or completely horizontal borehotes that eitend for distances beyond those previously known in the art The 
equipment utifoed for this purpose Is structurally simple and provides for easy in-the-feld maintenance. The 
structural simplicity of the present invention increases the reCabifity of the tool The equipment b also easy to 
operate with lower initial and long-term costs than equipment known in the art. Additionally, the present invention 
5 is readily adapted to operate in environments where known methods and apparatuses are unable to function. 

The apparatus is able to move a wide variety of types of equipment withm a borehole, and in a preferred 
embodbnent the present invention can sohre many of the problems presented by prior art methods of drtlfing inclined 
and horizontal boreholes. For example, conventional rotary drilHng methods and coiled tubing drilling methods are 
often ineffective or incapable of producing a horizontally drilled borehole or a borehole with a horizontal component 

10 because sufficient weight cannot be maintained on the drill bit. Weight on the driO bit is required to force the drfll 
bit into the formation and keep the dril bit moving in the desued direction. For example, in rotary drilling of king 
inclined holes, the maximum force that can be generated by prior art systems is often limited by the ability to delhrer 
weight to the driO bit. Rotary driling of long incBned holes is imited by the resisting friction forces of the drffl string 
against the borehole wall. For these reasons, among others, current horizontal rotary drilling technology limits the. 

15 length of the horizontal components of boreholes to approximately 4,500 to 5,500 feet because weight cannot be 
makitained on the driO bit at greater distances. 

Coiled tubing drSfog also presents difficulties when drilling or movmg equipment within extended horizontal 
or incbied holes. For exampte, as described above, there is the probton of maintatnmg sufficient weight on the drS 
bit. Additionally, the coDed tubing often buckles or fails because frequently too much force is applied to the tubing. 

20 For instance, a rotational force on the coiled tubing may cause the tubing to shear, while a compression force may 
cause the tubing to collapse. These constraints Emit the depth and length of holes that can be drBed with existing 
coiled tubing drilling technology. Current practices limit the drlEng of horizontally extending boreholes to 
approximately 1,000 feet horizontaDy. 

The methods and preferred apparatus of the present invention solve these prior art problems by generally 

25 maintaining the drill string in tension and providing a generally constant force on the drill bit. The problem of tubing 
buckling experienced in conventional drilling methods is no longer a problem with the present invention because the 
tubing is pulled down the borehole rather than being forced into the borehole. AdditionaQy, the current invention 
allows horizontal and inclined holes to be drilled for greater distances than by methods known in the art. The 500 
to 1,500 foot nmrt for horizontal coiled tubing drilled boreholes is no longer a probtem because the preferred 

30 apparatus of the present invention can force the drill bit into the formation with the desii'ed amount of force, even 
in horizontal or inclined boreholes. In addition, the preferred apparatus allows faster, more consistent drilfing of 
diverse formations because force can be constantly appOed to the driO bit. . 

A preferred aspect of the present mvention provides a method for propelling a tool having a body within 
a passage. The method includes causmg a gripper including at least a gripper portion to assume a first position that 

35 engages an mner surface of the passage and fimhs relathre movement of the gripper portnn relathre to the inner 
surface. The method also includes causing the gripper portion to assume a second poshion that permits substantially 
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free relativis movement between the gripper portion and the inner surface of the passage. The method further 
includes a propulsion assembly for selecth^ely continuously moving the body with respect to the gripper portion while 
the grvper portion is in the first position. 

Another.preferred aspect of the present invention provides a method for propelling a tool havhg a generally 

S cyHndrical body within a passage. The method includes causing a first gripper portbn to assume a first position that 
engages an inner surface of the borehole passage and limits relative movement of the first gripper portion relative 
to the inner surface. Simultaneously, a second gripper portion assumes a position that permits substantially free 
relative movement between the second gripper portion and the inner surface of the borehole. The body of the tool 
consisting of a central coaxial cylinder and a vahre control pack, moves within the borehole with respect to the first 

10 gripper portion. The first gripper portion then assumes a second position that permits substantially free relative 
movement between the first gripper portion and the inner surface of the passage, wh9e the second gripper portion 
engages the inner surface of the borehole and limits relative movement of the second gripper portion relative to the 
inner surf ace. At this time the body of the tool moves relative to the second gripper portion. This process can be 
repeated to aHow the body of the tool to selecthrely continuously move with respect to at least one gripper portion. 

IS WhHe prior art methods prevent continuous movement and drilEng vyithin a borehole, the present invention allows 
continuous operation, and a force can be constantly maintained on the drHI hit 

Another aspect of the present invention provUes a method for profieBing a tool having a generally cylindrical, 
body within a passage. The method mchides causing a first gripper portion to assume a first position that engages 
the inner surface of the borehole and Emits relathie movement of the first gripper portion relathre to the inner surface 

20 of the borehole. The body of the tool is then moved with respect to the first gripper portion. The first grqiper 
portion then assumes a second position that permits substantially free relathre movement between the first grqiper 
porthin and the inner surface of the borehole. At this time a second gripper portion assumes a first position that 
engages an inner surface of the borehole and limits relethre movement of the second gripper portion relathre to the 
inner surface of the passage. The body of the tool is then moved with respect to the second griper, portion. The 

25 second gripper portion then assumes a second position that permits substantially free relative movement between 
the second gripper portion and the inner surface of the borehole. By selectively continuously mov'mg the body with 
respect to at least one gripper portion when it is in the position that aHows substantially free relathre movement 
between the gripper portion and the mner surface of the borehole, the present invention can continuously move within 
the borehole. 

30 Stni another preferred aspect of the present invention provides a method of propelling a tool having a 

generally cyGndrical body within a passage using first and second engagement bladders. The first engagement 
bladder is inflated to assume a position that engages an inner surface of the passage and limits relative, movement 
of the fffst engagement bladder relative to the inner surface of the passage. An element of the tool then moves with 
respect to the first engagement bladder. The second engagement bladder is m a position aDowmg free relathre 

35 movement between the second engagement bladder and the inner surface of the passage. The first engagement 
bladder then deflates, allowfaig free relative movement between the first engagement bladder and the. inner surface 
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of the passage. The second engagement bladder is then inflated to assume a posHhin that engages an buier surface 
of the passage and timhs relative movement of the second engagement bladder relative to the inner surface. At this 
time an element of the tool b moved with respect to the second engagement bladder. This process can be cycBcly 
repeated to allow the tool to generally continuously move forward within the passage. 
5 In a further preferred aspect of the present invention, an ambient fluid is used to mflate the first and 

second engagement bladders. Preferably, the ancient fluid is drilfmg fluid or, more preferably, drBFing mud. In thb 
aspect of the invention, the driffing mud used to inflate the bladder is from the central flow channel of the drSI 
string. When the engagement bladders are deflated, the drOBng mud is preferably returned to the central flow 
channel This is referred to as an open system. 

10 in another preferred embodiment of the present invention, a fbid such as hydraulic fkiid is used to mflate 

the engagement bladders. The hydraulic fluid may be stored within a reservoir within the tool or it may be pumped 
from the surface to the engagement bladders through a flow fine. This is referred to as closed system. 

Equipment known in the art for drBling horizontally extending boreholes is relatively bulky and expensive both 
in initial and long-term operating costs. These known devices also require lengthy maintenance time as in the-field 

15 service is generally not a viable option. In contrast, the apparatus of the present mvention reduces the cost and 
maintenance constraints of the known drilEng methods. For example/ the present invmition is easy to operate, with 
lower initial and long tenn costs than those known in the art The present mventton also eases in the-field 
maintenance for several reasons. First in this preferred embodiment the apparatus of the present invention is 
des'^ned to operate with ambient fhiid. Preferably the ambient f bid is drilling fhiid ot more preferably, drilling mud. 

20 Advantageously, when a fhiid such as drilling mud is used to power the present invention, problems of contamination 
are eliminated. This desQn eases problems associated with deterioration of the tool caused by the mixing of 
different fluids. Altemathrely, when a fhiid such as hydraiiGc fluid is used to power the invention, the hydrauBc fhiid 
may be either stored within the body of the tool or pumped from the surface to the tool Second, many of the parts 
of the present invention are easily removed and disconnected for in-the*field changes of various elements. These 

25 elements can simply be removed and replaced in-the-fieU, aHowing quicker changeovers and continued operation of 
the tool Significantly, this eGmmates much of the down time of conventional drilling equipment 

Another preferred aspect of the present invention provides a method for propeDing a tool having a generally 
cylindrical body whhin a passage. The method incbdes causing a gripper portion to assume a first position in which 
the gripper portion engages an inner surface of the passage and limits relative movenrieht of the gripper portion 

30 relathre to the inner surface of the passage. The gripper portion is also caused to assume a second position that 
aOows substantially free relathre movement between the gripper portion and the mner surface of the passage. A 
propulsion assembly b provided for selectively moving the body with respect to the gripper portion in the first 
position. The power source incbdes a piston having a head reciprocally mounted within a cylinder so as to define 
a first chamber on one side of the head and a second chamber on the other side of the head. The body of the tool 

35 . is selectively moved with respect to the gripper portion by forcing fbid into the first or second chamber. 
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Yet another preferred aspect of the present invention provides a method for propeEng a tool having a 
generally cvlindricai body within a passage in which the movement of the tool b controDed from the surface. The 
surface controls can preferably be manually or automaticaDy operated. The tool may be m communication with the 
surface by a ine which aDows information to be communicated from the surface to the tool This Gne, for example, 
5 may be an electrical One (generally known as an "E-iine*'L an umbiCcal One, or the Oke. In addition, the tool may 
have an electrical connection on the forward and aft ends of the tool to allow electrical connection between devices 
located on either end of the tool. This electrical connection, for example, may allow connection of an E-line to a 
Measurement While DrilGng (MWD) system located between the tool and the drUI bit Ahemathrely, the tool and the 
surface may be in communication by down linking in which a pressure pulse from the surface is transmitted through 

10 the driSing fhrid within the fluid channel to a transcehrer. The transceiver converts the pressure pulse to electrical 
signals whUi are used to control the tool This aspect of the invention allows the tool to be finked to the surface, 
and allows Measurement While Drilling systems, for example, to be controlled from the surface. AdiEttonal elements 
known m the art may be Onked to the various embodiments of the present invention. 

In another preferred aspect, the apparatus may be equ'qiped with directbnal control to ailovv the tool to 

15 move in forward and backward directions within the passage. This aBows equipment to be placed m desired 
. bcations within the borehole, and efiminates the removal problems associated with known apparatuses. It w9 be 
appreciated that the tool in each of the preferred aspects may abo be placed in an idle or stationary position with, 
the passage. Further, it will be appreciated that the speed of the tool within the passage may be controlled. 
Preferably, the speed is controlled by the power deGvered to the tool 

20 These preferred aspects of the present inyention can be used, for example, in combination with drflOng tools 

to drill new boreholes which extend at vertical, horizontal or incGned. angles. The present invention abb may be used 
with exbting boreholes, and the present invention can be used to drill incGned or horizontal boreholes of greater 
bngth than those known in the art. Advantageously, the tool can be used with conventional rotary driDing 
apparatuses or coiled tubing drilling apparatuses. The tool is also compatible with various. drO bits, motors, MWD 

25 systems, downhote assembOes, pulling tools, lines and the like. The tool is also preferably configured with connectors 
which allow the tool to be easily attached or dbconnected to the drill string and other related equipment. 
Significantly, the tool allows selectWely continuous force to be appGed to the drill bit, which increases the life and 
promotes better wear of the drill bit because there are no shocks or abrupt forces on the drill bit. Thb continuous 
force on the drill bit abo allows for faster, more consistent drOOng. It wiU be understood that the present invention 

30 can abo be used with muhiple types of drill bits and motors, aflowing it to drill through different kinds of materiab. 

It wiD abo be appreciated that two or more toob, in each of the preferred embodiments, may be connected 
m series. Thb may be used, for example, to move a greater dbtance within a passage, move heavier equipment 
within a passage, or provide a greater force on a drill bit. Additionally, thb could aBow a plurality of pieces of 
equipment to be moved simuhaneously within a passage. 

35 Advantageously, the present invention can be used to pull the drill strmg down the borehole. This 

advantageously eliminates many of the compression and rotational forces on the drifl string, which cause known 
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systems to fail The invention b abo relativety simple and eOminates many of the muftiple parts required by the prior 
. art apparatuses. Significantly, in one preferred aspect the too! is self contained and can fit entirely within the 
borehole. Further, the gripping structures of the present invention do not damage the borehole waOis as do the 
anchoring structures known in the art For these and other reasons described in more detafl below, the present 
B invention is an improvement over known systems. 

The present invention also makes drilSng in various locations possa)le because, for example, oil reserves that 
are currently unreachable or uneconomical to develop using known methods and apparatuses can be reached by using 
. an apparatus of the present mvention to driQ horizontal or inclmed boreholes of extended length. This allows 
economically marginal oil and gas fields to be producthfely exploited. In short, the preferred embodiments of the 
.10 present invention present substantial advantages over the apparatuses and methods disclosed in the prior art. 

Brief Description of the Orawinos 
These and other features of the mventbn will now be described with reference to the drawings of preferred 
embodmtents, which are intended to iOustrate and not to Bmh the invention. 

Figure 1A is schematic diagram of the major components of an embodiment of the present inventuin in 
15 conjunction with a coiled tubing drBling system. 

Figure IB is a schematic diagram of the major components of another embodiment of the present invention 
in conjunction with a working unit 

F'Qure 2A is a cross-sectional view of another embodiment of the present invention, showing the forward 
section in the thrust stage, the aft section in the reset stage, and the forward gripper nwchanism mflated. 
20 Figure 2B is a cross-sectional view of the embodiment in F^ure 2A, showing the forward section oi the 

. ehd-of-thrust stage, the aft section in the reset stage, and the forvyard gripper mechanism inflated. 

Figure 2C is a cross-sectional view of the embodiment in Figure 28, showing the forward section in the 
reset stage, the aft section in the thrust stage, and the aft gripper mechanism inflated. 

Figure 20 is a cross-sectional view of the embodiment in Figure 2C, showing the forward section in the 
25 reset stage, the aft section in the end-of*thrust stage, and the aft gripper mechanism inflated. 

Figure 2E is a cross sectional view of the embodiment in Figure 20. showmg the forward section in the 
thrust stage, the aft section hi the reset stage, and the forward gripper mechanism inflated, simSar to Figure 2A. 

Hgure 3 is a process and instrumentation schematic diagram of the embodiment in Figure 2A, with the 
forward gripper mechanism inflated. 
30 Figure 4 is a process and instrumentation schematic diagram of the embodiment in Figure 2A, with the aft 

. gripper mechanism inflated. 

Figure 5 is a cross-sectional view of another embodiment of the invention. 
Figure 6 is an enlarged cross-sectional view of the front end of the embodiment in Figure 5. 
Figure 7 is an enlarged cross-sectional view of a piston-barrel assembly of the embodiment m Figure 5. 
35 Figure 8 is an enlarged cross-sectional view of the flow channels and packerfoot assembly of the 

embodiment in Figure 5. 
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Figure 9 is a cross-sectional view of the packerfoot assembly in the uninflated position taken along fine 9-9 
shown in Figure 8. 

Figure 10 is a cross-sectional view of the packerfoot assembly in the inflated position taken along line 9-9 
shown in Figure 8. 

5 Figure 1 1 is an enlarged cross-sectional view of the vahre control pack of the embodiment in Figure 5. 

Figure 12 is an enlarged cross-sectional view of the connection between the valve control pack and the 
forward section of the embodiment in Figure 5. 

Figure 13 is an enlarged cross-sectional view of the connection between the vahre control pack and the aft 
section of the embodiment in Figure 5. 
10 Figure 14 is an enlarged end view of the vahre control pack taken along Bne 14*14 shown in Rgure 11. 

F^ure 15 is an enlarged end view of the valve control pack taken along Bne 15-15 shown in Figure 11. 
F^ure 16 is a schematic diagram showing the ftow path of the fluid through the vahre control pack of the 
embodiment h Figure 5. 

Figures 17A14 are four cross sections of the vahre control pack taken along the lines 17A14-17A14 of 
15 F^ure 15 with the vahres removed. 

. F^ure 17B is a cross section of the vahre control pack taken along the line 17B-17B m Figure 14 with the 
vahres removed. 

Figure 18 is a process and instrumentation schematic diagram of another embodiment of the invention, 
providing for a closed system showing the forward gripper mechanism inflated. 
20 Figure 19 is a process and instrumentation schematic diagram of the embodiment in Figure 18, showing 

the aft gripper mechanism inflated. 

Figure 20 is a process and instrumentation schematic diagram of yet another embodiment of the invention, 
providing for directional control, with the forward gripper mechanism inflated and the directional control set in the 
forward position. 

25 Figure 21 is a process and instrumentation schematic diagram of the embodiment in Figure 20, showmg 

the aft gripper mechanism inflated. 

Figure 22 is a process and instrumentation schemata diagram of the embodiment in Figure 20, showing 
the forward gripper mechanism inflated and the directional control set in the reverse position. 

Figure 23 is a process and instrumentation schematic diagram of the embodiment m Figure 22, showing 
30 the aft gripper mechanism inflated. 

Figure 24 is a process and instrumentation schematic diagram of a further embodiment of the mvention. 
With electrical controls and a directional control vahre. 

Detailed Description of the Preferred Embodiments 
As shown in F^ure 1 A, an apparatus and method for movhg equipment within a passage is configured in 
35 accordance with a preferred embodiment of the present invention. In the embodiments shown in the accompanying 
figures, the apparatus and methods of the present invention are used in conjunction with a coiled tubing driUmg 



wo 97/08418 . PCTAJS96/13573 

system 100. It will be appreciated that the present invention may be used to move a wide variety of tools and 
. equipment within a borehole, and the present invention can be used in conjunction with numerous types of drilltng, 
kichiding rotary dril&ng and the Gke. Additionally, it wifl be understood that the present invention may be used m 
many areas inchiding petroleum drilling, mineral deposit drilling, pipefine installatton and maintenance, communications, 
5 and the Gke. 

It will be understood that the apparatus and method for moving equipment within a passage may be used 
in many appBcations in additbn to drtOing. For example, these other applications include well completion and 
production work for producing 09 from an oil well, pipeOne work, and communication acth^ities. It will be appreciated 
that these applications requve the use of other equipment in conjunction with a preferred embodiment of the present 

10 device so that the device can move the equipment within the passage. It will be appreciated that this equipment, 
generally referred to as a working unit, is dependent upon the specific appScation undertaken. 

For example, one of ordinary skill in the art will understand that well completion typically requires that the 
reservoir be logged using a variety of sensors. These sensors may operate using resistivity, radioactivity, acoustic, 
and the Gke. Other logging acthrities inchide measurement of formation dip and borehole geometry, formation 

1 5 sampfing, and production logging. These completion acthrhies can be accomplished in inched and horizontal boreholes 
using a preferred embodiment of the device. For instance, the device can deGver these various types of logging 
sensors to regions of interest. The device can either place the sensors in the desired location, or the device may 
klle m a stationary positkin to aQow the measurements to be taken at the desired locations. The device can also 
be used to retrieve the sensors from the well 

20 Examples of prodactmn work that can be performed with a preferred embodonent of the device inchide 

sands and soGds washing and acidizing. It is known that wefis sometimes become cbgged with sand and other 
soGds that prevent, the free flow of oil into the borehole. To remove this debris, spedaOy designed washing tools 
known in the industry are deGvered to the region, and fluid is mjected to wash the region. The fluid and debris then 
return to the surface. These washing toots can be deGvered to the region of mterest by a preferred embodiment 

25 of the device, the washing activity performed, and the tool returned to the surface. Similarly, wells can become 
clogged with hydrocarbon debris that b removed by acid washing. Again, the device can deGver the acid washing 
tools to the region of interest, the washing acthrity performed, and the acid washing tools returned to the surface. 

In another example, a preferred embodiment of the device can be used to retrieve objects, such as damaged 
equipment and debris, from the borehole. For example, equipment may become separated from the drill string, or 

30 objects may fall into the borehole. These objects must be retrieved or the borehole must be abandoned and plugged. 
Because abandonment and plugging of a borehole is very expenshre, retrieval of the object is usually attempted. A 
variety of retrieval tools known to the industry are available to capture these lost objects. This device can be used 
to transport retrieving tools to the appropriate tecatMn, retrieve the object, and returii the retrieved tool to the 
surface. 

35 In yet another example, a preferred embodiment of the device can also be used for coDed tubing 

completions. As known in the art, continuous-completion drill string deployment is becommg increasingly important 
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in areas where h is undesirable to damage sensitive formattons in order to riin production tubing. These operations 
require the instaDation and retrieval of fully assembled completion drBI string in boreholes with surface pressure. 
This device can be used in conjunction with the deployment of conventional velocity strmg and simple primary 
production tubing instaOations. The device can also be used with the deployment of artificial Gft installations. 
5 Additionally, the device can also be used with the deployment of artificial lift devices such as gas Eft and downhole 
flow control devices. 

In a further example, a preferred embodiment of the device can be used to service plugged pipe&nes or other 
similar passages. Frequently, pipelines are difficult to service due to phys^al constraints such as tocation m deep 
water or proximity to metropolitan areas. Various types of cleaning devices are currently avaBable for cleaning 
10 pipelines. These various types of cleaning tools can be attached to the device so that the cleaning tools can be 
moved whhin the pipeline. 

In stai another example, a preferred embodiment of the device can be used to move communication lines 
or equipment within a passage. Frequently, it is desirable to rim or move various types of cables or communication 
lines through various types of conduits. This device can move these cables to the desired location within a passage, 
15 It will be understood that two or more of the prefened embodiments of the device may be connected in 

series.. This may be used, for example, to allow the device to move a greater distance within a passage, move 
heavier equipment within a passage^ or provide a greater force on a driO bit. AdditranaDy, this could aRow a pluraEty 
of pieces of equipment to be moved simultaneously within a passage. 

As can be seen from the above examples, preferred embodiments of the device can provide transportation 
20 or movement to various types of equipment within a passage. 
Basic Svstem Components 

As shown m Figure lA, the coiled tubing drilling system 100 typically includes a power supply 102, a tubiiig 
reel 104, a tubmg guide 106, and a tubing inpctor 110, which are weD known *m the art. As known, coBed tubing 
1 14 is inserted into a borehole 132, and drilfing fhiid is typically pumped through the inner flow channel of the coiled 
25 tubing 114 towards a drill bit 130 located at the end of the drill string. Positioned between the drifl bit 130 and 
the coiled tubing 114 is a pukr-thruster downhole tool 111 The driO bit 130 is generaBy contained n a bottom 
hole assembly 120, which can include a number of elements known to those skBied in the art such as a downhole 
motor 122, a Measurement While Drilling (MWD) system 124, and an orientation device which is not shown in the 
accompanying figures. The puOer-thruster downhole tool 112 is preferably connected to the coifed tubing 114 and 
30 the bottom hole assembly 120 by connectors 118 and 128, respecthfely, descrBied below. It wiO be understood that, 
a variety of known methods may be used to connect the puller-thruster downhole tool 112 to the coiled tubing 114 
and bonom hole assembly 120. In this system, the drilfing fluid is pumped through the inner ftow channel of the 
coiled tubing 114, through the putler-thruster downhole tool 112 to the drS bit 130. The drOFing fluid and drilfing 
debris return to the surface m passages between the exterior surface of the tool 112 and the inner surface of the 
35 borehole 132,. and the spacing between the exterior surface of coiled tubing 114 and the inner surface of the 
borehole 132. 
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When operated, the tool 112 b configured to move within the borehole 132. This movement allows, for 
. example, the tool 112 to maintain a preselected force on the drO bit 130 such that the rate of drilling can be 
controlled. The tool 112 can also be used to maintain a preselected force on the drifl bit 130 such that the drill 
bit 130 is constantly being forced into the formation. Alternatively, the tool 112 may be used to move various types 
S of equipment within the borehole 132. Advantageously, in coiled tubing drSTing, for example, the tool 112 alows 
sufftcient force to be maintained on the drOl bit 130 to permit drSfing of extended incOned or horizontal boreholes. 
Significantly, because the tool 112 puQs the coOed tubing 114 through the borehole 132, this efiminates many of 
the compressron forces that cause coOed tubmg in conventiona} systems to fail 

It will be understood that the apparatus of the preferred embodiment is used to produce extended horizontal 
,10 or inclined boreholes in conjunction with this or smiiiar coDed tubing drilling surface equipment, or with a rotary 
dr'dling system, as known in the art^ The tool 112, however, may also be utilized with other types of drilling 
equipment, logging systems, or systems for moving equipment withm a passage. 

As seen in Figure IB, in another preferred embodiment, the tool 112 can be used in conjunction with a 
working unit 119. This allows the tool 112 to move the working unit 119 within the borehole 132. For example, 
15 the tool 112 can place the working unit 119 in a desired location* or the tool 112 may idle the workmg unit 119 
In a stationary position for a desired time. The tool 1 12 can abo be used to retrieve the working unit 119 from 
the borehole 132. The workmg unit 119 may include various sensors, instruments and the IBce to perform desired 
functions within the borehole 13Z For example, the working unit 119 may be used wjth well completion equipment, 
sensor equipment, logging sensor equipment, retrieval assembly, pipeline servicmg. equipment, and conununications 
20 Gne equipment. The tool 112 and/or working unit 119 may be connected to the surface by a connection line 134. 
The connection line 134 may, for instance, provide power or communicatran between the tool 1 12 and the surface. 

Referrmg jo Fqures 2A and 2B. the major components of the puOer-thruster dpwnhote tool 112 are 
illustrated. As seen in Figures 2A and 28, the tool 112 generally comprises a series of three concentric cylindrical 
pipes 201: an innermost cylindrical pipe 204, a second or middle cylindrical pipe 210, and a third or outer cyBndrical 
25 pipe 214. The tool 112 is abo divided into a forward section 200, an aft section 202, and a center section 203. 
The innermost cylindrical pipe 204 defines a central flow channel 206 which extends through the forward, alt, and 
center sections 200, 202, and 203, respecthrely, of the tool 112. The second cylindrical pipe 210 surrounds the 
innermost cyOndricat pipe 204 at a distance from the innermost cyBndrical pipe 204, to create a first mner channel 
or annulus 212 in which fluid may flow. As shown in the accompanying figures, the first annulus 212 is divided 
30 into a first aft annulus 21 2A \n the aft section 202 of the tool 112 and a first forward annulus 21 2F in the forward 
section 200 of the tool 112. The first aft annulus 21 2A and first forward annulus 21 2F are generally referred to 
as return flow annuli because these annul! allow fluid to return from the forward section 200 and aft section 202 
to the center section 203 of the tool 112 during the reset stage. The outer cylindrical pipe 214 surrounds the 
second cylindrical pipe 210 at a distance from the second cylindrical pipe 210, defining a second inner flow channel 
35 or annulus 216. The second annulus 216 is dhrided into a second aft annulus 21 6A in the aft section 202 of the 
tool 1 12 and a second forward annuhis 216F in the forward section 200 of the tool 112. The second annuli 216A 
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and 21 6F are generally referred to as a power flow annuG because these annufi alow fhiid to flow from the center 
section 203 to the forward and aft sections 200 and 202, respectively, during the thrust stage. The central flow 
channel 208* the return flow annuS 212A and 212F, and the power flow annuG 216A and 216F are in fluid 
communication with a vahre control pack 220 located in the center section 203 of the tool 112. The tool also 

5 includes a forward gripper mechanism 222 located in the forward section 200 and an aft gripper mechanism 207 
located in the aft section 202. 

Fixed to the exterior surface of the outer cylindrical pipe 214 of the forward section 200 are two forward 
pistons 224. The forward pistons 224 are positioned within corresponding forward barrel assembfies 226. The 
forward barrel assembfies 226 reciprocate about the fixed forward pistons 224, and the forward gripper mechanism 

10 222 is attached to the forward barrel assembfies 226 such that the forward gripper mechanism 222 moves with 
the forward barrel assemblies 226. The forward pistons 224, the forward barrel assembfes 226, and the outer . 
surface of the oijter cyEndrical pipe 214 generally define forward reset chambers 230 and forward power chambers 
232 in the forward section 200 of the tooinz 

Fixed to the exterior of the outer cylindrical pipe 214 of the aft section 202 of the tool 112 are two aft 

15 pistons 234. The aft pistons 234 are positioned within the corresponding aft barrel assembfies 236. The aft barrel 
. aissembfies 236 reciprocate about the fixed aft pistons 234, and the aft grippermechanism 207 is attached to the 
aft barrel assembfies 236 such that the aft gripper mechanism 207 moves with the aft barrel assembfies 236. The 
aft pistons 234, the aft barrel assembfies 236, and the outer surface of the outer cyfindrical pipe 214 generally 
define aft reset chambers 240 (Figure 2B) and aft power chambers 242 in the aft section 202 of the tool 111 

20 As shown in Fqures 2A and 2B, the power flow annufi 21 6A and 21 6F are in fluid commun»ation with 

the forward gripper mechanism 222 because fluid can flow through the forward power chambers 232 (Figure 2B) 
of the forward piston and barrel assembly. The power flow annulus 21 6A is also in fluid communication with the 
aft gripper mechanism 207 through the aft power chambers 242 of the aft piston and barrel assembly. The return 
flow annufi 212F and 212A are in fluid communication with the forward and aft reset chambers 230, 240 (Figures 

25 2A and 2B) of the forward and aft sections 200 and 202, respectively. It will be understood that any number of 
forward or aft piston and barrel assembfies may be used depending upon the mtertded use of the toot 112. 
Advantageously, because the piston and barrel assembfies are located in series, the tool 112 may be arranged to 
develop a large amount of thrust or force. 
Overview of Svstem Flow Pattern and Operation 

30 Figures 2A-2E iiiustrate the general flow of fluid within the tool 112. In this embodiment, the tool 112. 

is located within a borehole 132. The borehole 132 shown in the accompanying figures b horizontal but it wiH be 
understood that the borehole 132 may be of any orientation depending upon the intended use of the tool 112. 
Although not shown m the accompanying Figures 2A<2E, the coiled tubing 114 is preferably connected to the tool 
112 by box connector 116 and the bottom hole assembly 120 is preferably connected to the tool 112 by pin 

35 connector 126. The box and pin connectors 116, 126 are described in more detail below. Thus, as shown,, the 
forward section 200 of the tool 112 is located proximate the bottom hote assembly 120. It wOl be appreciated that 
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these forward and aft designations are only used for clarity in descr&ing the too! 112 shown in the attached figures, 
and the actual designations are dependent upon the particular orientation of the tool 111 Further, one of ordmary 
sk9 in the art wOl recognize that the tool 112 may be used for a wide variety of purposes, such as logging or 
moving equipment within a borehole, and that a variety of known equipment may be attached to the tool 112. 
5 When the tool 112 is used in conjunction with rotary or coOed tubing drilDng, the drill string provides drBSng 

fhiid to the central flow channel 206. TypicaQy, the drilling fluid is drilling mud wh'u:h is pumped from the surface, 
through the drBI string and central flow channel 208, to the bottom hole assembly 120. The driDirig fluid is returned 
to the surface m the area between the inner surface 246 of the borehole 132 and the outer surface of the tool 112. 
As showii 0). Figures 2A-2i the tool 112 is configured to aHow a portion of the drOfing fhiid contained within the 

10 central flow channel 206 to enter the tool 112 through an opening 205. The opening 205 is preferably located in 
the center section 203 of the tool 112, such that the fluid can enter the valve control pack 220. As described 
behiw, the vahe control pack 220 directs the ftow of fhiul within the tool 112. 

In particular, as shown in Figure 2A, the drilEng fluid is directed to the valve control pack 220 through the . 
power flow annuhis 21 6F to the forward power chambers 232. Drilling fluid also flows through the forward power 

1 5 chambers 232 to the forward gripper mechanism 222. As the drilfing f hihl flows into the forward grqiper mechanism 
222, a forward expandable bladder 250 inflates, contacting and applying a force against the inner surface 246 of 
the borehole 132. This force fixes the forward griper mechanism 222 of the tool 112 relathre to the inner surface 
246 of the borehole 132. This also fixes the forward barrel assemblies 226 relative to the borehole 132 because 
the forward barrel assembGes 226 are rigidly attached to the forward gripper mechanism 222. As seen fai Figures 

20 2A end 26, in this position the forward pistons 224 are almost contacting the aft ends of the forward barrel 
assembies 226, and forward expandable bladder 250 is inflated. Once the forward expandable bladder 250 is 
inflated, the drilling fluid continues to fill the space between the aft ends of the forward barrel assembfies 226 and 
forward pistons 224, so as to fill the forward power chambers 232. Because the forward pistons 224 can 
reciprocate within the forward barrel assemblies 226, the pressure of the fhiid m the forward power chambers 232 

25 begins to push the forward pistons 224 towards the forward end of the forward barrel assemblies 226. The 
forwardly moving forward pistons 224, which are securely attached to the outer cynndrical pipe 214 of the three 
concentric cyfrndrical pipes 201, also cause the three concentric cylindrical pipes 201 to move forward a 
corresponding distance d. For example, if the forward pistons 224 are pushed forward a distance d relathre to the 
fixed forward barrel assembRes 226, the three concentric cylindricai pipes 201 are also pushed forward a distance 

30 d because the three concentric cylindrical pipes 201 and forward pistons 224 are securely interconnected. . Thus, 
as seen in Figures 2A and 26, this causes the tool 112 to be generally pushed forward a distance d« 

In an alternate configuration, the outer cylindrical pipe 214 and the inner mandrel 556 can have matching 
splines or grooves. This allows the transmission of rotational displacement from the coOed tubing 114 through the 
connector 116 to the aft barrel assembEes 236 through the aft expandable bladder 252 to the inner surface 246 

35 . of the borehole 13Z This configuration advantageously prevents rotational displacement from the downhole motor 
122 being delivered to the coiled tubing 114, thus assisting in the prevention of helical buckling. 
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As seen in Figure 2B, the forward pistons 224 have been pushed forward proximate the forward ends of 
the forward barrel assemblies 226. WhBe the forward pistons 224 are moving forwardly in the forward section 200 
of the tool 112, the pressure in the return flow annulus 212A is causing the aft pistons 234 to be reset. In 
particular as shown in Figure 2A, the aft pistons 234 are initially located proximate the forward ends of the aft 

5 barrel assemblies 236. During the reset stage the aft barrel assemblies 236 are reset by the fluid m the return flow 
annulus 212A which fiDs the aft reset chambers 240 (the space between the forward end of the aft barrel 
assembfies 236 and the aft pistons 234) of the aft section 202. The fhiid in the aft reset chambers 240 forces 
the aft barrel assembBes 238 to move relathre to the aft pistons 234. This is because the aft pistons 234 are fixed 
with respect to the outer cyGndrical pipe 214 and the three concentric cyfindrical pipes 201, wh9e the aft barrel 

10 assemblies 236 are sfidabty mounted about the aft pistons 234 <note that the aft expandable bladder 252 of the 
aft gripper mechanism 207 is not inflated during the reset stage). The fluid filling the forward reset chambers 230 
causes the aft pistons 234 to be located proximate the aft ends of the aft barrel assemblies 236, as shown in Figure 
2B. The tool 112 is preferably configured such that the aft pistons 234 are reset prior to the completion of the 
forward section 200 thrust stage. 

15, In Figure 2B, the forward pistons 224 and the three concentric cyGndrical p^es 201 have been pushed 

forward a distance d, while the aft pistons 234 are reset. At this point as shovim oi F^ure 2C, the forward 
expandable bladder 250 of the forward gripper mechaiusm 222 begins to deflate, and fluid flows from the vahre. 
control pack 220 into the power flow annuhis 21 6A into aft power chambers 242 and the aft gripper mechanism 
207 of the aft section. 202 of the tool 112. As fhiid flows mto the aft gripper mechanism 207. the aft expandable 

20 bladder 252 mf lates, contactfaig and applying a force against the inner surface 246 of the borehole 131 This force 
fixes the aft gripper mechanism 207 and aft barrel assonblies 236 with respect to the borehole 132, as shown m 
Figure 2C. 

As fluid enters the aft power chambers 242, the aft pistons 234 begin to move forward relathre to the aft 
barrel assemblies 236 and toward the forward ends of the aft barrel assemblies 236. This movement propels the 

25 aft pistons 234 and three concentric cylindrical p^es 201 of the tool 112 forward. This causes the tool 112 to 
move forwardly within the borehole 132 while simultaneously pulling the coiled tubhtg 114 behind it. The fluid in 
the forward reset chambers 240 of the aft section 202 is forced out into the return flow annulus 21 2A by the 
forward movement of the aft pistons 234, providing pressure in the return flow annulus 212A. Simultaneously, fhiid 
is driven through the return flow annulus 21 2F into the forward reset chambers 230 of the forward section 200 

30 of the tool 112 to re^t the forward pistons 224 and forward barrel assembGes 226. In a similar manner to that 
described above, fluid forces the forward barret assembftes 226 to move forward relathre to the forward pistons 224 
(note that the forward expandable bladder 250 is not mflated durmg the reset stage). The reset stage causes the 
forward pistons 224 to be located proximate the aft ends of the forward barrel assemblies 226, as shown in Figure 
2D. 

35 At this point, the forward expandable bladder 250 begins to inflate, contacting and applying a force against 

the inner surface 246 of the borehole 132. The aft expandable bladder 252 then begins to deflate. As shown m 



WO97/0S418 . PCTAJS96/13573 

16- 

Rgure 2E, the flow cycle can then begin again because the piston and barrel positions are the same as shown in 
. Figure 2A. Advantageously* the operation of the tool 112 m the manner descrfiied above allows the tool 112 to 
. selecthfety continuously move within the borehole 132. This permits the tool 112 to quickly move within the 
borehole 132 and, in a preferred embodiment, to continuously force a drfll bit 130 into the formation. A continuous 
5 force on the driO bit 130 can significantly increase the rate of drilling and Gfe of the drBI bit because, for example, 
the driD bit 130 can drBI at a generally continuous rate. In contrast, known systems repeatedly surge or force the 
drOl bit into the formation which slows the drilling process and greatly increases the stresses on the drill bit, causing 
premature bit wear and faflure. . 
Flow Through the Vah^e Control Pack 

10 Figures 3 and 4 illustrate the valve control pack 220 m schematm fomt In this preferred embodiment, the 

valve control pack 220 includes four valves: the idler start/stop valve 304, the six-way valve 306, the aft reverser 
vahre 310, and the forward reverser vahre 312. Before the drilling fluid reaches these vahres, the fluid preferably 
flows through a fSter system. Specifically, fhiU flows from the central flow channel 206, through the opening 205 
and into five filters 302. The five filters 302 are in parallel arrangement to increase the reSability of the tool 112 . 

15 tecause the tool 112 can operate with three of the five filters 302 not functioning. This, allows the toot 112 to 
be operated for a much longer period of time before the filters 302 must be cleaned or replaced. In iBddition, the 
parallel filter conf^uration mniimizes pressure losses of the fhiid entermg the tool 112. The filters 302 are 
preferably positbned within the tool 1 12 to aDow easy access and removal so that each filter or aB the filters 302 
may be quickly and easily replaced. 

20 The filters 302 are designed to remove particles and debris from the drBling fluid which increases the 

. refiabHity and durabifity of the tool 112 because knpurities that may wear and damage tool elements are removed. 
Ftheririg also allows greater tolerances of the various elements contained within tool 112. Preferably, the filters 302 
are designed to remove particles greater than 73 microns in diameter. It w91 be appreciated that the size and 
number of fihers 302 may be varied according to numerous factors, such as the type of drOTing fluid utilized or the 

25 tolerances of the tool 112. Preferably, filters 302 are a wire mesh filter manufactured by Ejay Fhration, he. of 
Riverside, California. 

The filtered drilling fluid then flows to the idler start/stop valve 304 which controls whether fluid flows 
through the valve control pack 220. Thus, the idler start/stop valve 304 preferably acts like an on/off switch to 
control whether the tool 112 is moving withih the borehole 132. Preferably, the idler start/stop vahre 304 is set 

30 at some predetermined pressure set-point, 500 p^d, for example. This pressure set-point is based on differential 
pressure between the central flow channel 206. and the pressure in the idler start/stop vahre 304 pilot line, which 
connects the central flow channel 206 and the exterior surface of the tool 111 When the pressure of the driling 
fluid in the central flow channel 206 exceeds the predetermined pressure set-point, the. idler start/stop vahre 304 
actuates allowing fluid to enter the idler start/stop vahre 304. When the idler start/stop vahre 304 opens, the filtered 

35 . drilling mud flows from the idler start/stop valve 304 mto the six-way valve 306. The six-way vahre 306 can be 
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actuated into one of three positions, two of which are shown in Figures 3 and 4. The center position, not 
Hhistrated, b an idle position that prevents fluid flow into the six-way valve 306. 

As seen in Figure 3, the $ix*way vahre 306 is shown in position to supply fhiid to the aft power chambers 
232 of the forward section 200 of the tool 112. In this position, flow exits the six-way valve 306 through openmg 

5 C2 where it is directed through the power flow annulus 216F into the forward section 200 forward power chambers 
232 and into the forward gripper mechanism 222. The drflling fluid inflates the forward expandable bladder 250 
of the forward gripper mechanism 222. The forward expandable bladder 250 assumes a position contacting the fainer 
surface 246 of the borehole 132 preventing free relative movement between the borehole 132 and the forward 
expandable bladder 250. The forward pistons 224, connected to the outer cyfindrbal pipe 214, move forward 

10 relative to the forward barrel assemblies 226 as fluid fills the forward section 200 forward power chambers 23Z 
This causes the three concentric cyfindrical pipes 201, which are connected to the forward pistons 224, to move 
forward. 

Simultaneously, flow exits the six-way vahre 308 through opening C3, enters the return flow annuhis 21 2A, 
proceeds into the aft section 202 of the tool, and flows into the aft section 202 aft reset chambers 240. The 

IS pressure of the. fluid m the aft reset chambers 240 causes the aft barrel assemblies 236 to move forward relative 
to the aft pistons 234. The forward movement of the aft barrel assemblies 236. causes fluid m the aft power 
chambers 242 and the aft grqiper mechanism 207 to flow into the power flow annuhis 216A. This fluid then flows . 
into the soc-way vahre 306 through passage CI. Simultaneously, How is driven out of the forward section 200 
forward reset chambers 230, into the return fibvv annuhis 212F, and into the sn-way valve 306 through port C4. 

20 These movements generally show the forward section 200 thrust stage or power stroke. During this power 

stroke the forward section 200 causes the three concentric cylindrical pipes 201 to move forward within the 
borehole 132. Advantageously, in a preferred embodiment, this movement can be used to force the driB bit 130 into 
a formation. At the end of the forward section 200 power stroke, the six-way vahre 306 is actuated due to 
pressure differences between the aft reverser vahre 310 and the forward reverser vahfe 312. This pressure 

25 differential is caused by the pressure difference between the flow leaving the aft section 202 eft power chambers 
242 and the flow entering the forward section 200 forward power chambers 232. These flows enter the power 
flow annulus 216 and flow to the forward reverser valve 312 and the aft reverser vahre 310, respecthreiy. This 
pressure differential causes the six-way valve 306 to move mto position to supply fluid to the aft section 202 aft 
power chambers 242, as shown in Figure 4. 

30 In the position shown in Figure 4, drilling fhiid flows from the central flow channel 206 through the opening . 

205 through the f hre parallel f ihers 302 and into the idler start/stop vahre 304. From the idler start/stop vahre 304, 
the dril&ng fluid flows mio the six-way vahre 306. Fhiid exits the six-way valve 306 through passage CI where it 
flows through the power flow annuhjs 21 6A to the aft gripper mechanism 207. The aft expandable bladder 252 
of the aft gripper mechanism 207 mflates as drilfing fhiid ftows into it from the power flow annulus 21 6A. The aft 

35 expandable bladder 252 assumes a position contacting the mner surface 246 of the borehole 132 preventmg free 
relative movement between the borehole 132 and the aft expandable bladder 252. Fhiid also flows through passage 
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CI, through the power flow annulus 21 8A and into the aft section 202 aft power chambers 242. The pressure of 
. the fhiid m the aft power chambers 242 pushes the. aft pistons 234 forward. The three concentric cyOndricai pipes 
201 are also pushed forward because the pipes 201 are connected to the aft pistons 234. 

S'mdultaneously, fhjid is directed from the six-way vahre 306, through passage C4, and the return flow 

5 annulus 212F, and into the forward section 200 forward reset chambers 230. The fluid pressure in the forward 
reset chambers 230 causes the forward barrel assemblies 226 to move forward relative to the forward pistons 224. 
This abo causes the fhiid in the forward gripper mechanism 222 and the forward section 200 forward power 
chambers 232 to flow into the.power flow annulus 216F. This fluid m the power flow annulus 216F:then flows 
into the six-way vahe 306 through passage C2. These movements comprise the aft section 202 power stroke. 

10 During this power stroke, the three concentric cylindrical pipes 201 nuve forward within the borehole 13Z At the 
end of the aft section 202 power stroke, the forward reverser yahre 312 actuates the six-way vahre 306 due to 
pressure differences between the forward reverser vahre 312 and the aft reverser vahre 310. This acthration forces 
the sbi-way vahre 306 mto the position iUustrated in Figure 3. This cyclic movement between the positums of Fqure 
3 and Figure 4 continues untfl the tool 112 is stopped. Preferably, the tool 112 b stopped by decreasmg the 

15 pressure of the driffing fluid in the central flow channel 206 to create a differential pressure below the predetermmed 
set-point such that the idler start/stop vahre 304 is not acthrated. 
Detaged Structure of the Forward and Aft Sections 

Figures 5-17 provkle a more detailed view of the structure of a preferred embodiment of the present 
invention. As best seen In Figures 5 and 6, the forward sectbn 200 of the puller-thruster downhole tool 112 is 

20 linked to the bottom bole assembly 120 or other similar equipinent by a connector 502. The connector 502 is 
preferably a pin connector which readily allows connection of the tool 112 to a variety of different types of 
equipment. Most preferably, the pin connector 502 includes a pluraOty of threads 501 which allows threaded 
connection of the tool 112 to the bottom hole assembly 120 and other known equipment. The pin connector 502 
can withstand a large amount of torque to ensure a secure connection of the tool 112 to the bottom hole assembly 

25 120. The other end of connector 502 is coupled to the three concentric cyfindrical pipes 201. As described above, 
the three concentric cylindrical pipes 201 inchide the innermost cylindrical pipe 204 which defines the central flow 
channel 206. The second or middle cylindrical pipe 210 surrounds the innermost cyHndrical pipe 204 at a distance 
from the mnermost cyGndrmal pipe 204, defining the first flow channel or return ftow annulus 21 2F. The outer 
cyGnder pipe 214 surrounds the second cylindrical pipe 210 at a distance from the second cylindrical pipe 210, 

30 defining a power flow annulus 21 6F. The innermost cyrmdrical pipe 204 has a thickness ranging from 0.0625 to 
0.500 inches, most preferably 0.085 mches. The innermost cylindrical pipe 204 can be constructed of various 
materials, most preferably stainless steel. Stainless steel is used to prevent corrosion, increasing the life of the tool 
112. The innermost cylindrical pipe 204 defines a central flow channel 206 ranging in diameter from 0.6 to 2.0 
inches, most preferably 1.0 inch. The second cyCndrical pipe 210 has a diickness ranging from 0.0625 to 0.500 

35 inches, most preferably 0.085 inches. The second cyfindrical pipe 210 can be constructed of various materials, most 
preferably stainless steel The outer cylindrical pipe 214 surrounding the second cyfindrical pipe 210 can be 
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constnicted of various materials, most preferably high strength steel, type 4130. The outer cyEndrical pipe 214 has 
a thickness ranging from 0.12 to 1.0 inches, most preferably 0.235 inches. Preferably, the connector 502 is 
threadably connected to the outer cylindrical pipe 214 to aDow for easy assembly and maintenance of the tool 112. 
As best seen m Figure 6, the ends of the innermost cyEndrical pqie 204, the second cyEndrical pipe 210, 

5 and the outer cylindrical pipe 214 are connected to a coaxial cylinder end plug 504. The coaxial cyEnder end plug 
504 engages the ends of the three concentric cyGndrical pipes 201 and helps maintain the proper spacing between 
the three concentric cylindrical pipes 201. As shown in Figure 6, the pin connector 502 surrounds the end of the 
outer cyGndrical pipe 214 and mates with a stress reEef groove 601 in the outer cylindrical pipe 214. It will be 
appreciated that the various embodiments of the present invention are mtended for use in a wide range of 

10 appOcations. Accordingly, the dimensions will vary upon the intended use of the mventron and a wide variety of 
known materials may be used to construct the invention. Seal 603 is located between the mner surface of the outer 
cylindrical pipe 214 and the coaxial cylinder end plug 504 to help prevent fhiid from escaping at the connection. 
A seal (not shown) located between the inner surface of the outer cylindrical pipe 214 and the coaxial cylinder end 
plug 504 also helps prevent fluid from escaping at the connection. 

15 The aft section 202 of the puHer-tbruster downhole topi 112 is linked to known equipment, such as the 

drill string, by a connector 510. As best seen in Fqure 5, the connector S10 is preferably a box connector which 
allows quick connectbn and disconnettion of the tool 112 to the drill strmg. The aft section 202 of the pufler- 
thnister downhole tool 112 also inchides an mnermost cyfindrical pipe 204, a central flow channel 206, a second 
cylindrical pipe 210, a first flow channel or return flow annulus 212A, an outer cyGndrical pipe 214, and a second 

20 flow channel or a power flow annuhis 21 6A. The preferred dimensions and materials are generafly the same as 
descrOied above, but one skilled in the art will recognize that a wide variety of dhnensions and materials may be 
utilized, depending upon the specific use of the tool 112. 

As seen in F^ure 5, the aft ends of the innermost cyEndrical pipe 204, the second cyfindrnal pipe 210, 
and the outer cyfiridrical pipe 214 are attached to the connector 510. The connector 510 preferably includes threads 

25 503 to alkiw easy connection and aid in mating the connection elements. This box connector 510 can endure a large 
amount of torque, which helps ensure a secure connection and increases the refiability of the tool 112. A coaxial 
cylinder end plug 512 engages the aft ends of the innermost cyGndrical pipe 204, the second cyEndrical pipe 210, 
and the outer cyEndrical pipe 214. Seals 514 are located between the inner surface of the outer cyGndrical pipe 
214 and the coaxial cyfinder end phig 512 prevent fluid from escaping. 

30 - As best seen in Figures 5 and 7, a fourth cyl'mdrical pipe or forward piston sk'm 516 surrounds a porthm. 

of the forward section of the outer cylindrical pipe 214 at a distance from the outer cyrmdrical pipe 214. Positioned 
between the skin 516 and the outer cyEndrical pipe 214 are forward barrel ends 521 The forward barrel ends 522 
are rigidly connected to the forward piston skin 516 by means of connectors 524, such as screws. Seals 526 are 
placed between the mner surface of the forward piston skin 516 and the top surfaces of the forward barrel ends 

35 522, and between the bottom surfaces of the forward barrel ends 522 and the outer surface of the outer cyEndrical 
pipe 214 to prevent the escape of fluid from the forward fluid chamber 520. Seals 526 are preferably graphite 
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reinforced Teflon or elastomer with urethane reinforcement. The forward barrel ends are preferably configured to 
sBde along the outer surface of the outer cyfindrical pipe 214. 

As shown in Figure 1, a forward piston assembly 530 is also located between the forward piston skin 516 
and the outer cylindrical pqie 214. Connectors 532 attach the forward piston assembly 530 to the outer cyGndrical 
5 pipe 214 and the second cyfindrical pipe 210. Thus, the forward piston assembly 530, which is rigidly fixed to the 
outer cyOndrical pipe 214, is sfidably movable relath^e to the forward piston skin 516. Seals 534 are located 
between the mner surface of the forward piston skin 516 and the top of the forward piston assembly 530, and 
between the bottom of the forward piston assembly 530 and the outer surface of the outer, cyfindrical pipe 214 to 
prevent fluid from passing around the outer surfaces of the forward piston assembly 530. The area between the 

10 forward piston skin 516, forward piston assemblies 530, outer cyfindrical pipe 214, and forward barrel ends 522 
defines a forward fluid chamber 520. The forward piston assembly 530 is located within the forward fluid chamber 
520 so as to dmde the forward fluid chamber 520 into a forward section 536 and an aft section 540. The forward 
section 536 is m fluid communication with the return ftow annuhis 212F. A port liner 505, preferably constructed 
of steel Bnks the return fbw annulus 212F and the forward section 536. of the forward fhiid chamber 520 to 

15 prevent the flow of fluid into the power flow annulus 216F. The aft sectton S40 b in fluid communication with the 
power flow annulus 21 6F. A spacer plate 507 may be used to prevent the pinching off of flow in the power flow 
annuhis 21 6F and the return flow annuhis 21 2F. 

A fourth cylindrical pipe or aft piston skin 570 surrounds a portbn of the aft section of the outer cy&idrical 
pve 214 iat a distance from the outer cyfindrical pipe 214. Positioned between the aft piston skm 570 and the 

20 outer cyGndrical pipe 214 are aft barret ends 574. The aft barrel ends 574. are rigidly connected to the aft piston 
skin 570 by connectors 524. Seals 526 are placed between the inner surface of the aft piston skin 570 and the 
top surfaces of the aft barrel ends 574, and between the bottom surfaces of the aft barrel ends 574 and the outer 
surface of the outer cyfindrbal pipe 214 to prevent the escape of fluid from the aft fluid, chamber 572; The aft 
barrel ends are preferably configured to sfide along the outer surface of the outer cylindrical pipe 214. 

25 An aft piston assembly 576 is also located between the skin 570 and the outer cyfindrical pipe 214. 

Connectors 532 attach the aft piston assembly 576 to the outer cyfindrical pipe 214 and the second cyfindrical pipe 
210. Thus, the aft piston assembly 576, which is rigidly fned to the outer cyfindrical pipe 214, is sfidably movable 
relat'nre to the aft piston skin 570. Seals 534 are located between the inner surface of the aft piston skin 570 end 
the top of the aft piston assembly 576 and between the bottom of the aft piston assembly 576 and the outer 

30 surface of the outer cyGndrical pipe 214 to prevent fluid from passing around the outer surfaces of the aft piston 
assembly 576. The area between the aft piston skin 570, aft piston assembOes 576, outer cylindrical pipe 214, 
and aft barrel ends 574 defines an aft fluid chamber 572. The aft piston assembly 576 is located within the aft 
fluid chamber 572 so as to divide the aft fhiid chamber 572 into a forward section 580 and an aft section 582. 
The forward section 580 is m fhiid communication with the return flow annulus 21 2A. A port finer 505 finks the 

35 return flow annuhis 212A and the forward section 580 of the aft fhiid chamber 572 to prevent the flow of fhiid 
into the power flow annuhis 21 6A. The aft section 582 is in fluid communication with the power flow annulus 
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21 6A. A spacer plate (not shown) may be used to prevent the pinchino off of flow in the power flow annuhis 21 6A 
and the return flow annuhis 21 2A. 

The aft end of the forward piston sicin 516 attaches to a gripper mechanism. More specifically, the gripper 
mechanism incbdes an expandable bladder to grip the inner surface 246 of the borehole 13Z In this preferred 

5 embodiment the gripper mechanism is a packerf oot assembly 550 that includes an elastomeric body 552. As shown 
in Figure 8, the aft end of the forward piston skm 516. in this preferred embodiment attaches to a packerf oot 
attachment barrel end 541 The packerfoot attachment barrel end 542 surrounds the outer surface of the outer 
cylindrical pipe 214 and is slidable relath/e to the outer surface of the outer cylindrical pipe 214. The forward piston 
skin 516 is connected to the packerfoot attachment barrel end 542 by means of a connector 544, shown in 

10 phantom. Seals 546 are located between the inner surface of the piston skin 516 and the top surface of the 
packerfoot attachment barrel end 542, and between the bottom surface of the packerfoot attachment barrel end 542 
and the outer surface of the outer cyRndrical pipe 214. These seals S4i5 prevent fluid from escaping from the 
forward fhtid chamber 520. The aft section of the packerfoot attachment barrel end 542 contains threads 801 to 
allow connection of a forward gripper mechanism 22Z The forward gripper niechanism 222 preferably consists of 

15 ian expandable bladder. More preferably, the forward gripper mechanisin 222 consists of a packerfoot assembly 550. 
The packerfoot assembly 550 is a gripping structure designed to engage the inner surface 246 of the borehole 132 
and prevent movement of the packerfoot assembly 550 relative to the borehole 131. The packerfoot assembly, in . 
the preferred embodonent, may be supplied by OD State Industries in Dallas, Texas. 

The packerfoot assembly 550 contains an elastomeric body 552 that inflates when filled with fbild. The 

20 elastomeric body 552 can be made of a variety of knovvn elastomeric materials, the preferred material being 
reinforced graphite or Kevbr 49. The elastomeric body 552 attaches to the packerfoot assembly 550 by means of 
bSnd caps 554. The bfind caps 554 are cylinders which fasten the ends of the elastomeric body 552 to an inner 
mandrel 556. The blind caps 554 are preferably made of 4130 SteeL The blind caps 554 are attached to the inner 
mandrel 556 by connectors such as set screws 560 and shear pins 561 While the preferred embodiment of the 

25 packerfoot assembly 550 usies set screws 560, shear p'ms 562, and chemical bonding, it is possiile to fasten the 
blind caps 554 to the inner mandrel 556 using many fastener means known in the art. The aft end of the inner 
mandrel 556 preferably contains pads 564 located between the inner mandrel 556 and the outer cylindrical pipe 214. 
The pads 564 are constructed of graphite re'mf orced Teflon in the preferred embodiment, but any stable material with 
a low coefficient of friction could be utifized. A connector such as a retain'mg screw 566 bonds the inner mandrel 

30 556 to the pad 564. The pad 564 enables the packerfoot assembly 550 to be sfidably movable relative to the outer. 
cyGndrical pipe 214. Th'is movability allows the packerfoot assembly 550 to slide relath^e to the outer cyRndrical 
pipe 214 as the forward piston skin 516 slides relative to the forward piston assembly 530. 

Shown m Figure 9, the inner mandrel 556 also contains fhiid channels 584. The fluid channels 584 connect 
the elastomeric body 552 with the aft section 540 of the forward f bid chamber 520. The fluid channels 584 allow 

35 fluid to flow from the power flow annuhis 216F through the fluid channels 584 and into the volume between the 
elastomeric body 552 and the inner mandrel 556 of the packerfoot assembly 550. The elastomeric body 552 inflates 
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to a position such that rt engages the inner surface 246 of the borehole 132« preventing free retathre movement 
between the elastomeric body 552 and the inner surface 246 of the borehole 131 

Figures 9 and 10 show cross sections of the packerfoot assembly 550 in the untnflated :and inflated 
positions, respectively, h the unnflated position the elastomeric body 552 is located proximate the inner mandrel 
S 556. As the aft section 540 of the forward fluid chamber 520 fills with fluid from the power flow annulus 21 6F, 
this fluid enters the fluid channeb 584. In the preferred embodiment, ten fhiid channels 584 are located in the inner 
mandrel 556. The fluid flowing In the channels 584 begins to expand the elastomeric body 552 to create a channel 
1001 between the elastomeric body 552 and the inner mandrel 556, although a single complete annulus or any 
number of channels could be used. The preferred embodiment aQows inflation and deflation at the most effective 
10 rate. The fluid fills the channel 1001 expanding the elastomeric body 552 to contact the inner surface 246 of the 
borehole 132, preventing relat'we movement between the inner surface 246 and the packerfoot assembly 550, as 
shown in Figure 10. 

As shown bi Figure 5, the aft end of the aft piston skm 570 attaches to a packerfoot attachment barrel 
end 542. The packerfoot attachment barrel end 542 b located proximate the outer surface of the outer cyGndrical 

15 pipe 214 and is slidable relat'nre to the outer surface of the outer cybidricai p^e 214. The aft piston skin 570 is 
connected to the packerfoot attachment barrel end 542 by means of a connector 544, shown ni phantom. Seals 
546 are located between the mneir surface of the aft piston skm 570 and the top surface of the packerfoot 
attachment barrel end 542 and between the bottom surface of the packerfoot attachment barrel end 542 and the 
outer surface of the outer cyGndrfeal pipe 214. The seals 546 are preferably Tefhin-graphite composite or elastomer 

20 with urethane reinforcement These seab 546 prevent fluki from escaping from the aft fluid chamber 572. The 
aft section of the top portkin of the packerfoot attachment barrel end 542 contains threads 801 to aDow connectnn 
of the packerfoot assembly 650. 
Dataned Structure of the Vahre Control Pack 

As best seen in Figure 5, the valve control pack 220 is located in the center section 203 of the tool 112 

25 between the forward section 200 and the aft section 202. Figures 1M3 show enlarged views of the vabe control 
pack 220 and its cbnnectkins to the forward and aft sections 200 and 202, respecthrely. The vah^e control pack 
220 includes an innermost flow channel or center bore 702. The forward and aft ends of the vahre control pack 
220 connect to the innermost cylindrical pipe 204 by means of stab pipes 601 The stab pqies 602 are designed 
to fit within the center bore 702 and the central flow channels 206 of the forward and aft sections 200 and 202, 

30 to allow fhiid to flow to and from the return flow annuG 212A and 212F through vaWe control pack 220. The stab 
pipes 602 are generafly constructed of high strength stainless steel and range in inside diameter from 0.4 to ZO 
inches, most preferably 0.6 inches. The stab pipes 602 have threads 605 on the ends that connect to. the vahre 
control pack 220 to ease connection and ensure a proper fit. Seals 604 and 607 are located, bet ween the outer 
surface of the stab pipes 602 and the inner surface of the innermost cylindrical pipe 204. These seals 604 and 607 

35 . are preferably constructed of metal and the seals 604 and 607 prevent fluid from leaving the central flow channel 
206 and entering the return flow annulus 212 or other fluid chambers within the vahe control pack 220. The vahe 
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control pack 220 connects to the mnermost cy&ndrical pipe 204» the second cyfindrical pipe 210, and the outer 
cyEndrical pipe 214 by means of coaxial cylinder assembly flanges 606. A coaxial cyGnder assembly flange 608 is 
bolted to the forward and aft ends of the valve control pack 220 by a plurafity of connectors 610. Seals 612 
located between the coaxial cylinder assembly flanges 606 and the second cySndrical pipe 210 prevent fluid from 

5 enter'mg the various passages of the valve control pack 220. 

Four radially outward extending stabSzer blades 614 are preferably connected to the front section 200 and 
the aft section 202 of the puQer thruster downhole tool 112. These stabffizer blades 614 are used to properly 
position the vahre control pack 220 within the boriehole 132. Preferably, the vahre control pack 220 is centered 
. within the borehole 132 to facBitate the return of the drilling fluid to the surface. The stabiSzer blades 614 are 

10 preferably constructed from high strength material such as steel More preferably, the stabSzer blades ere 
constructed of type 4130 steel with an amorphous titanium coating to lower the coefficient of friction between the 
blades 614 and the inner surface 246 of the borehole 132 and increase fluid flow around the stabBizer blades 614. 
The stabilizer blades 614 are connected.to the coaxial cylinder assembly flanges 606 a plurafity of fasteners/ such 
as bohs (not shown in the accompanying figures}. The stabiTizer blades 614 are preferably spaced equidistantiy 

15 around the vahre control pack body 616. The stablBzer blades. 614. are spaced from the yahre control pack 220, 
. altowingfhml to exit the vahre control pack 220 and flow out around the stabilizer blades 614. This fhnd then f tows 
back to the surface with the return fluid flow through the passage between the inner surface 246 of the borehole. 
132 and the outer surface of the tool 112. 

The vabe control pack 220 also includes a valve control pack body 616. The vahre control pack body 616 

20 is preferably constructed of a high strength material More preferably, the vahre control pack body 616 is machfaied 
from a single cylinder of stainless steel although other shapes and materials of construction are possble. Stainless 
steel prevents corroskm of the vahre control pack body 616 whBe mcreasing the fife and renabffity of the tool 112. 
As shown in Figure 11, the vahre control pack body 616 ranges m diameter from 1 to 10 inches, preferably 3.125 
inches. The vahre control pack body 616 contains a number of machined bores 620. These bores 620 within the 

25 vahre control pack body 616 allow fluid communication whhm the vahre control pack 220 and between the vahre 
control pack 220 and the forward and aft sections 200 and 202. 

Figures 14 and 15 provide cross-sectional views of the vahre control pack 220. The center bore 702 is 
located generaDy in the middle of the valve control pack body 616. The center bore 702 ranges in diameter from 
0.4 to 2.0 mches, most preferably 0.60 inches. The center bore 702 connects to the central flow channel 206 by 

30 the stab pipes 602, described above, which allow fluid communication between the aft section 202 central flow 
channel 206 and the forward section 200 central flow channel 206. Four additional boreholes 704, 706, 710, end 
712 are located generally equidistantiy from each other along a cross section of the valve control pack body 616. 
These four bores 704, 706, 710, and 712 are generally equally spaced from the center bore 702. These four bores 
704, 706, 710, and 712 are each the same size and range in diameter from 0.25 to 2.0 inches, preferably 1.0 

35 inches. As discussed in connection with Figure 16, vahres are inserted into each of these four bores 704, 706, 710, 
and 712. White the orientation of the bores of the preferred embodiment are described, one skOted in the art would 
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know that various bore and vahre configurations would produce sbnOar fhiid flow patterns writhin the puDer'thnister 
. downhote toolllZ 

Several other bores 620, for example, are also located within the vahre control pack body 616, aDowmg 
fluid communication between the four bores 704, 706, 710, and 712; between the four bores 704« 706, 710, and 
S 712 and the center bore 702; and between the four bores 704, 706, 710, and 712 and the exterior:of the vahre 
control pack body 616. These bores 620 are best seen in Figures 11, 14, and 15. As seen m Figure 11, for 
example, these bores 620 may run generally parallel to the innermost cylindrical pipe 204. Within the vahre control 
. pack 220, other bores (not shown in the accompanying figures) run at various angles relathre to the innermost 
cyEndricai pipe 204. These bores are specifically discussed in connection with Figure 17A. 

.10 As best seen in Figures 14 and 15, four flapper vahres 714 are located on the exterior of the vahre control 

pack body 616 adjacent to the stabilizer blades 614. These flapper valves 714 aQow fhiid to be expelled from the 
four bores 704, 706, 710, and 712 to the exterior of the vahre control pack 220 through the ports which intersect 
and run at angles relative to the four bores 704, 706, 710, and 712. These ports are discussed In connection whh 
Figures 16 and 17A below. The flapper valves 714 are preferably made of elastomeric material and are fastened . 

IS to the exterior of the vahre control pack body 616 by means of fasteners 716. This design allows fhiid to escape 
the valve control pack 220 while preventing fhiid pressure from buSding up and preventing clogging of the vahre 
control pack 220. Specificany, the flapper vahres 714 flex away from the outer surface of the valve control pack 
body 616 to allow fluid to exhaust from the tool 112, but the flapper valves 714 will not allow material to enter 
the tool 112. This design also minimizes the cross-sectional area of the valve control pack 220. The cross-sectional 

20 area of the valve control pack 220 desirably fils between 50 to 80 percent of the cross-sectional area of the 
. borehole 13Z More specifically, the cross-sectional area of the vahre control pack 220 most desirably fiBs 
approximately 70 percent of the cross-sectional area of the borehole 132. This allows fluid carrying debris to return 
to the surface in the passage between the inner surface 246 of the borehole 132 and the.exterior of the tool 112 
while minimizing pressure loss up the passage to the surface. 

25 Figure 1 6 shows a physfeal representation of the vahres 304, 306, 31 0 and 31 2 contained withm the valve 

control pack 220 and schematically shows the flows within the valve control pack 220. The valves 304, 306, 310. 
and 312 fit within bores 712, 706, 710 and 704, respecthrely. Figure 17A shows cross sections of the vahre 
control pack body 616 into which the valves 302, 306, 310, and 312 are placed. The vahres 304, 306 310 and 
312 do not require alignment within the bores 712, 706, 710, and 704 of the vahre control pack body 616 because 

30 of the use of recessed lands (not shown) on sleeves 901. Other known methods for aligning the vahres within the 
. corresponding bores may also be utifized whh the present invention. Each of the vahres 304, 306, 310 and 312 
can be actuated to control the fluid flow within the valve control pack 220. As known in the art, valve actuation 
alters the flow pattern through a vahre by one of several known methods. The valves of the present invention are 
actuated by moving a valve body 903 relathre to a fixed, nonmoving sleeve 901. As the valve body 903 moves, 

35 . different ports, mdhriduaOy labeled below, in the sleeve 901 and valve body 903 aRgn to create a flow pattern. 
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Referring to Figures 12 and 13, a majority of fluid in the central flow channel 206 enters the forward end 
of the center bore 702 of the vahre control pack 220 and flows through the vahre control pack 220. The fluid exits 
the valve control pack 220 through the forward end of the center bore 702, flowing toward the drifl bit 130. 

Part of the flow enters the tool 112 through the vahre control pack 220. F^ures 16 illustrates the fluid 
5 flow paths through the valve control pack 220. Fluid in the center bore 702 of the vahre control pack 220 can enter 
the idler start/stop valve 304 through a series of filters 302, in a manner similar to that described above and shown 
in Figure 17B. The fluid leaves the fhre parallel filters 302 and enters a flow channel 912 leading to the idler 
startjstop vahre 304. Ftow channel 912 is one of the bores 620 described m connectran with Figures 11, 14, and 
15. As fluid exits the fnre filters 302 and enters the flow channel 912, pressure builds up in the flow channel 912 

10 that connects the five parallel filters 302 and the idler start/stop valve 304, as shown in Figure 16. The idler 
start/stop vahre 304 actuates when the differential pressure between the fluid in the flow channel 912 and the fluid 
in the idler start/stop vahre 304 exceeds the pressure set-point, for example, 500 psid. The forward end of the idler 
start/stop valve 304 contains a fhiid piston assembly 914, whOe the aft end of the idler start/stop valve 304 
contains a Bellevue spring 916, preferably constructed of steeL The fluid piston assembly 914 in the forward end 

IS iand the Bellevue spring 916 in the aft end of the idler start/stop vahre 304 work in conjunction with each other to 
. acthrate the idler start/stop valve 304. The Beflevue spring 916 has a sprmg constant such that a specific force 
is required from the fhiid piston assembly 914 to compress the BeDevue sprmg 916. This spring force is what . 
provides the pressure set-point of the idler start/stop waive 304. Thus, when pressure builds up In the fluid channel 
912 connecting the fluid piston assembly 914 of the idler start/stop valve 304 and the fhre. filters 302, ifhiid wiB 

20 begin to ftow into a fluid piston chamber 920 through port P101. It will be appreciated that the spring constant 
of the Bellevue spring 916 can be selected according to the intended use of the toot 112. Further, alternate types 
of springs may be used as known m the art. 

Figure 17A shows the ports, individually labeled, withm the valve control pack body 616 that aOow fhiid 
communication between the horizontal bores 620 and the valves 304, 306, 310 and 312. As the fluid piston 

25 chamber 920 fills with fMd, a piston 922 is pushed toward the aft end of the vahre control pack 220 which pushes 
the valve body 903 toward the aft end of the vahre control pack 220 and compresses the BeDevue spring 916. As 
the fluid piston chamber 920 contmues to fill with fluid, the BeBevue spring 916 continues to compress. The vahre 
body 903 moves allowing flow from flow channels, such as 912, to pass through the sleeve 901 mto a vahre 
chamber 905 between the vahre body 903 and the sleeve 901. Fluid enters the vahre chamber 905 of the idler 

30 start/stop vahre 304 through a port PI 03. Thus, the idler startfstop valve 304 has both an acthre position in which, 
the Bellevue spring 916 is sufficiently compressed and an inacthre position in which the Bellevue spring 916 is not 
sufficiently compressed. In the acthre position, fhiid flows mto the idler startfstop vahre 304 through port PI 03, 
whHe no fhiid enters when the idler start/stop vahre 304 is in the inacthre position. When the idler start/stop vahre 
304 shifts from an acthre to inacthre position, the Bellevue spring 916 moves from a compressed position to an 

35 uncompressed position forcing the piston 922 toward the forward end of the vahre control pack 220. 
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Figure 16 shows that in the active position fluid flows through the five fOters 302 into the idler startjstop 
. valve 304. The idler startlstop valve 304 has a main fluid exit channel 924. Fhiid enters the exit channel 924 
through port P105 and flows from the idler start/stop vahre 304 to the aft reverser vahre 310, the six-way vahre 
306, and the forward reverser vahre 312. The idler start/stop vahre 304 abo contains four exit ports PI 07 which 

5 allow fluid to escape from the idler start/stop vahre 304 to the exterior of the vahre control pack 220 through the 
flapper valves 714. These exit ports P107 allow exhaust from within the valve 304 and prevent clogging within 
the valve 304. The fastener holes 980 used to attached the flapper vahres 714 to the valve control pack body 616 
are shown in Figure 17A. . 

As shown m Figure 16, fluid flows through the idler start/ stop vahre 304, out port PI 05, and into the aft 

10 reverser valve 310 through port P109. The aft reverser vahre 310 has a fluid piston assembly 914 at the aft end 
of the vahre control pack 220 and a Bellevue spring 916 at the forward end of the vahre control pack. The piston 
922 of the aft reverser vahre 310 is actuated by flow to the power flow annuhis 21 6F of the forvirard section 200 
of the puQer-thruster downhole tool 112. This fluid flows through a flow channel 926 and enters the fluki piston 
chamber 920 through port P1 11. Flow channel 926 is one of the bores 620 shown in Figures 11, 14, and 15. 

15 Thus, fluid flows from the forward section 200 power flow annulus 21 6F bito a flow channel 926 which, connects 
to the peton chamber 920 through a port P111. Pressure In flow channel 926 causes fluid to fill the fhiid piston 
chamber 920 of the aft reverser vahre 310. As the fluid piston chamber 920 fflls, a piston 922 b pushed forward 
pushing the vahre body 903 forward compressing the Bellevue spring 916. The vahre body 903 moves forward 
relathre to the fixed sleeve 901 allowing flow from fhiw channels, such as 924, to. pass through the sleeve 901 into 

20 a valve chamber 905 between the vahre body 903 and the sleeve 901. Thus, the aft reverser valve 310 has both 
. an acthre position in whnh the BeDevue spring 916 is sufficnntly compressed and an macthre position m which the . 
Bellevue spring 918 is not sufflciehtly compressed. In the acthre position, fhiid flows into the aft reverser vahre 310 
from the idler start/stop vahre 304 through port P109, wh'de no fhiid enters when the aft reverser vahre 310 is in 
the inacthre position. 

25 In the acthre poshion, fluid exits the aft reverser vahre 310 through port P1 13 into exit channel 930 leading 

to the six-way valve 306. The aft reverser vahre 310 also contams four exit ports P107 which aDow fhiid to escape 
from the vaNe control pack 220 to the exterior of the valve control pack 220 through the flapper vahres 714. The 
exit ports PI 07 allow removal of fhiids and reduces the tendency for plugging by contamination. When the aft 
reverser valve 310 shifts from an acthre to inactive position, the Bellevue spring 916 moves from a compressed 

30 position to an uncompressed position, forcing the piston 922 toward the aft end of the vahre control pack 220. As 
the piston 922 moves toward the aft end of the vahre control pack 220, the fluid in the fhiid piston chamber 920 
drains out of the chamber 920 through port P141, into a drain channel 932, arid into the passage between the vahre 
control pack 220 and the inner surface 246 of the borehole 132 through an orifice 934. The orifice 934 controls 
the rate of fhiid exiting the fhiid piston chamber 920 through the drain channel 932. Advantageously, the system 

35 is designed to continue to operate even if the drain channeb should be partially or completely pkigged. Thb 
increases the reliability and durabifity of the tool 112. 
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The six-way valve 306 contains fluid piston assembEes 914 at both the forward and aft ends wh'ndi work 
in conjunction with each other to control the flow of fluid. As fhitd from the aft reverser vahre 310 enters the fluid 
chamber 920 at the aft end of the six way valve 306 from channel 930 through port P1 15, the piston 922 pushes 
the valve body 903 forward relative to the fixed sleeve 901. As the vahre body 903 moves forward the fhiid 

5 chamber 920 at the aft end fOls and fluid drains from the fluid chamber 920 at the forward end out port P1 17 
through dram channel 936. This fluid flows through the drain channel 936, past the orifice 940, and mto the 
passage between the vahe control pack 220 and the inner surface 246 of the borehole 132. Conversely, as fhiid 
from the forward reverser valve 312 enters the fluid chamber 920 at the forward end of the six-way vahre 306 from 
a channel 942 through port P1 19, the piston 922 pushes the vahre body 903 towards the aft end of vahre control 

10 pack 220 relathre to the fixed sleeve 901. As the valve body 903 moves toward the aft end, the fhiid chamber 920 
at the forward end fills, and fhiid drains from the fluid chamber 920 at the aft end out port P121 through drain 
channel 944. This fluid flows through drain channel 944, past orifice 946, and into the passage between the vahre 
control pack 220 and the inner surface 246 of the borehole 132. 

In the various actuated positions, fluid from the idler startfstop valve 304 flows through exit channel 924 

15 and enters the six-way vahre 306 through ports P123 and P125. Fhiid also enters and exits the six-way vahre 308, 
dependmg on the position of the vahre, from the forward section 200 power fhw annulus 21 6F through flow channel 
926, the forward section 200 return flow annulus 21 2F through flow channel 952, the aft section 202 power flow . 
. annuhjs 21 6A through flow channel 954, and the aft section 202 return flow annulus 21 2A through flow channel 
956 through ports P127, P129, P131, and P133, respectively. 

20 The s«-way valve 306 contains fhre exH. ports P1p7 which allow fhiid to escape from the su-way vahre 

306 to the exterior of the vahre control pack 220 through the flapper vahres 714. These exit ports PI 07 prevent 
pressure buSd-up whhin the valve 306 and prevent ctoggmg with'm the vahre 306. 

As shown in F^ure 16, fhiid flows through the idler start/ stop vahre 304, out port PI 05. and into the 
forward reverser valve 312 through port P135. The forward reverser vahre 312 has a fluid piston assembly 914 

25 at the forward end of the valve control pack 220 and a BeBevue spring 916 at the aft end of the vahre control pack. 
The piston 922 of the forward reverser valve 312 is actuated by ftow from the power ftow annuhis 216A of the 
aft section 202 of the piiller-thruster downhole tool 112. This fhiid flows through a ftow channel 954 and enters 
the fluid piston chamber .920 through port PI 37. Pressure in flow channel 954 causes fhiid to fin the fluid piston 
chamber 920 of the forward reverser vahre 312. As the fluid piston chamber 920 fiDs, a piston 922 \s pushed 

30 toward the aft end of the valve body 903 and the BeOevue spring 916 is compressed. The vahre body 903 moves 
towards the aft end relathre to the fixed sleeve 901 allowing fluid flow from flow channels, such as 954, to pass 
through the sleeve 901 and into a vahre chamber 905 between the valve body 903 and the sleeve 901. Thus, the 
forward reverser vahre 312 has both an acthre position in which the Beltevue spr'mg 916 is sufficiently compressed 
and an.inacthre position m which the Bellevue spring 916 is not sufficiently compressed. In the active position, fluid 

35 ftows into the forward reverser valve 312 from the idler start/stop vahre 304 through port PI 35, whQe no fkiid 
enters when the forward reverser vahre 312 b in the inacthre position. 
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In the active position, fluid exits the forward reverser vahre 312 through port P139 tnto exit channel 942 
leading to the six- way valve 306. The forward reyerser vahre 312 also contains four exit ports PI 07 which aDow 
fluid to escape from the vahre control pack 220 to the exterior of the vahre control pack 220 through the flapper 
valves 714. When the forward reverser vahre 312 shifts from an acthre to inacthre position, the Bellevue spring 916 
5 moves from a compressed position to an uncompressed position forcing the piston 922 toward the forward end of 
the valve control pack 220. As the piston 922 moves toward the forward end of the vahre control pack 220, the 
ffajid in the fkiid piston chamber 920 drains out of the chamber 920 through port PUS. into a drairi channel 960, 
and into the passage between the vahre control pack 220 and the inner surface 246 of the borehole 132 through 
an orifice 962. The orifice 962 helps maintain pressure within the fhjid piston chamber 920. 

10 The vahre control pack 220 thus controls fluid distribution to the forward and aft sections 200 and 202 

of the puller-thnister downhole tool 1 12. F^ures 16 and 17A show a preferred embodiment illustrating the actuation 
posltbns of the idler start/stop vahre 304, the six-way vahre 306, the aft reverser vahre 310, and the forward 
reverser valve 312. One skSled m the art wiD recognize that various vahre actuations and types of fluid 
communication may be utibed to achieve the flow patterns depicted in Figures 3 and 4. One skilled in the art wfll 

15 also appreciate that, while the preferred embodiment of the vahre control pack is iustrated, other flow distributnn 
systems can be used in place of the vahre control pack 220. The preferred embodiment of the vahre control pack 
220 eases tn-the-field maintenance. ReliabSty and durabity increase due to the construction and design of the vahre 
control pack 220. 

Figure 17B provides a cross-sectional view of the vahre control pack 220 with the valves 304, 306, 310, 
20 and 312 removed. As shown, the horizontal bores GO in the vahre control pack body 616, which run generally 
. parallel to the innermost cylindrical pipe 204, are m fhiid commuiiication with ports, for example P139. These 
horizontal bores 620 and angled ports, like PI 39, allow fkiid transfer between the vahres 304,. 306, 310, and 312 
and fhiid transfer to the rest of the puUer-thruster downhole tool 112 as described. 
Closed System Embodiment 

25 Using drilling mud as the operating fluid for the system has several advantages. First, iising drilling fluid 

prevents contamination of hydraulic fluid and the associated faBures. While using hydraulic operating fluid may 
require supply Gnes and additional equipment to supply fluid to the tool 112, drilling mud requires no supply Gnes. 
Drilling mud use increases the reCabiSty of the tool 112 as fewer elements are necessary and fhjid contamination 
is not an issue. Figures 18 and 19 show another preferred embodiment of the present invention in which the puDer- 

30 thruster downhole tool 112 operates as a closed system. Figure 18 shows the puDer-thruster downhole tool 112 
located within a borehole 132. The system is similar to that shown m Figure 3, except that the fluid is not ambient 
fhiid. Preferably, the fhiid in the closed system is hydraulic fluid. As in Figure 3, Figure 18 shows the forward 
section 200 in the thrust stroke and the aft section 200 in the reset stage. A fhiid system 1800 provides the fbid 
in this configuration. A fluid storage tank 1801 serves as the source of fluid to the fhre parallel fitters 301 Fhiid 

35 . is pumped from the storage tank 1801 by a pump 1802 to the five parabl filters 302, from which it is distributed 
throughout the tool 112 as m Figure 3. The pump 1802 b powered by a motor 1804. The fhiid system can be 
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located within the power-thruster downhole tool 112 or at the surface. Figure 19, sindar to Figure 4, shows the 
closed system with the forward section 200 resetting and the aft section 202 in the thrust stroke. A vabe 1806, 
preferably a check vahre, b used to control the pressure of the fluid within the system 

The dosed system shown in Figures 18 and 19 allows the tool 112 to be operated with a cleaner process 
5 fluid. This reduces wear and deterioration of the tool 1 12. This configuration also aUows operation of the tool 112 
in environments where driirmg mud cannot be used as a process f hjid for various reasons. It wiD be appreciated that 
the fluid system 1800 can be heated within the tool 112 such that the entire device fits whhin the borehole 132. 
Altemat'nrely, the fhiid system 1800 can be located at the surface and a fine may be used to aBow fluid 
communication between the tool 112 and the fhiid system 1800. 
10 Directionanv Controlled System Embodiment 

In another embodiment, the puller-thruster downhole tool 112 can be equipped with a directional control 
valve 2002 to allow the tool 112 to move in the forward and reverse directions within the borehote 132 as shown 
in Figures 20-23. While the standard tool 112 can simply be pulled out of the borehole 132 from the surface, 
directional control allows the tool 112 to be operated out of the borehole 132 us'mg the same method of operation 
15 described above. The directional control vahe 2002 is preferably located within the vahre control pack 220. One 
skilled in the art will recognize that the position of the vahre 2002 within the vahre control pack 220 can vary so 
king as the fhiid flow paths shown in Figures 20-23 are maintained. Other than the insertion of the directional 
control vahre 2002, the operation and structure of the tool 112 Is generally the same as that described in Figure 
3. In operation, the directional control valve 2002 has an actuated posituin and an unactuated position. The 
20 directional control vahre 2002 has a pressure set-point, for example, 750 psid. When the differential pressure 
between the fluid passing through the five paraBel filters 302 and the fluid in the directional control valve 2002 
exceeds the pressure setfoint, the directional control valve 2002 is actuated. Also shown are the bladder senshig 
valves 2004. 

Figure 20 shows the directional control valve 2002 m an unactuated positton. Fluid flows from the forward 
25 section 200 power fhiw annulus 216F to the aft reverser vahre 310 through the directional control valve 2002. Fluid 
also ftows from the aft section 202 power flow annuhjs 216A to the forward reverser vahre 312 through the 
directional control vahre 2001 When the directional control vahre is actuated in this position, the operation and 
motion of the tool 112 within the borehole 132, as shown m Figures 20 and 21, is the same generally as that 
described in Figures 3 and 4. This causes the tool 112 to be propelled in one direction w'lthb the borehole 132. 
30 It win be recognized that the directional control valve 2002 aHows movement of the tool 112 m two opposite, 
directbns, allowmg the tool to move in forward and reverse directions within the borehole 131 

When the differential pressure exceeds the pressure set-point, the directional control valve 2002 actuates 
to the position shown in Figures 22 and 23. In this position fhiid flows from the forward section 200 power flow 
annulus 21 6F to the forward reverser valve 312 through the directional control vahre 2001 Fluid also flows from 
35 the aft section 202 power fbw annuhis 21 6A to the aft reverser vahre 310 through the directional control vahre 
2001 The directional control vahre 2002 reverses the destination of these flows from the destinations shown in 
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Hgures 3 and 4. This causes the forward reverser vafve 312 to be actuated before the aft reverser vahre 310, 
. causing the tool 112 to move toward the other end of the borehole 132 and opposite the dtrectton of movement 
shown in Figures 20 and 21 when the directional control vahre 2002 was in the unactuated position. This directional 
control vahre 2002 allows the tool 112 to be removed from the borehole 132 without any additional equipment 
5 The tool 1 12 is self-retrieving when equipped with the directional control vahre 2002. This also allows the tool 112 
to move equipment and other tools away from the distal end of the borehole 132. 

For reversmg services, where motion of the tool b desired to be toward the surface and away from the 
bottom of the borehole 132, the directional control vahre 2002 and the bladder sensing valves 2004 are acthrated. 
This reverses the action of the pbtons 224 and 234 and causes the gripper mechanisns 222. 207 to be acthrated 
10 in the proper sequence to permit the three cylindrical pipes 201 to move toward the surface; the reverse of the 
normal direction towards the bottom of the borehole 131 . 

Electrically Controlled Embodiment 

WhSe the standard tool 112 is pressure controlled and acthrated, it may be desirable to equip the tool 112 

1 5 with electrical control ines. The standard tool 1 1 2 is pressure acthrated and has a lower cost than a tool 1 1 2 with 
electrical control The standard tool has greater retabiEty and durability because it has fewer elements and no wires 
whfch can be cut as does the electrically controlkd tool 112. To be compatible with existing systems or fiitiire 
system, electrical control may be required. As sucli, Figure 24 shows the puller-thnister downhole tool 112 equqiped 
with electrical control pnes 2402. The electrical control Bnes 2402 are connected to the idler stertfstop vaNe 304 

20 and the directional control vahre 2002. In this embodiment, the idler start/stop vahre 304 and the directional control 
vahre 2002 are solenoid operated rather than pressure operated as in the previously discussed embodiments. It is 
known in the art that electr^al controls can be used to actuate vahres and these types of equipment can also be 
used with the tool 112 of the present invention. The electrical Gnes typically connect to a control box, not shown, 
located at the surface. Altemathrely, a remote system could be used to trigger a control box located within the 

25 puller-thruster downhole tool 112. Energization of the idler start/stop vahre 304 would open the valve 304 and the 
tool 112 would move as discussed in relation to Figures 2A-2E. Sim9arly, the tool 1 12 could be instructed to move 
in the reverse direction toward the surface by energization of the directional control vahre 200Z The directional 
control vahre 2002 would produce the same motion discussed in relation to Figures 20-23; 

The electrical lines 2402 would preferably be shielded within a protecthre coating or conduit to protect the 

30 electrical lines 2402 from the drilfrng fluid. The electrical Gnes 2402 may also be constructed of or seated with a 
waterproof material, and other known materials. The electrical fines 2402 would preferably run from the control 
box at the surface to the idler start/stop vahre 304 and the directional control vahre 2002 through the central ftow 
channel 206 and the center bore 702 of the valve control pack 220. One skiQed in the art will recognize that these 
electrical Cnes 2402 may be located at various other places within the tool 112 as desired. These electrical ihes 

35 .2402 then carry electrical signals from the control box at the surface to the idler start/stop vahre 304 and the 
directional control vahre 2002 where they trigger the solenoid to open or close the vahre. 
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Ahemativeiy, the electrical Enes 2402 couM had to a mm! pulse telepathy system rigged for down Bnking. 
Mud pulse telepathy systems are known m the art and are commercially avaQable. In down linking, a pressure pulse 
is sent from the surface through the driffing mud to a downhole transcehrer that converts the mud pressure pulse 
into electrical instructions. Electrical power for the transceiver can be supp6ed by batteries or an E-Gne. These 
5 electrical instructions actuate the idler start/stop vahre 304 or the directional control vahre 2002 depending on the 
desired operation. This system allows direct control of the tool 112 from the surface. This system could be utifized 
with a bottom hole assembly 120 that includes a Measurement While DrBling device 124 with down linking capability, 
as known in the art. 

Electrical controls can also be used with bottom hole assemblies 120 that contain E-Gne (electrical line) 
10 controlled Measurement While Drilling devices 124. These electrical controls allow the tool 112 to be conveniently 
operated from the surface. Additional E-Gnes could be added to the E-line bundle to permit additional electrical 
connections without affecting the operation of the tool 112. 

The tool 1 12 can also be equipped with electrical connections on the forward and aft ends of the tool 112 
that communicate with each other. These etectrical connections would aDbw equipment to operate off power 
15 supplied to the tool 112 from the surface or by internal battery. These connections could be used to power many 
elements known in the art, and to allow electrical communication between the forward and aft ends, 200 arid 202, 
of the tool 112. 

While the preferred embodiments of the puDer-thruster downhole tool 112 are descrbed, the tool 112 can 
be constructed on various size scales as necessary. The embodiment described is effecthre for drBling indned and 
20 horizontal holes, especially oil wells. 

Although this invention has been desaibed in terms of certain preferred embodnnents, other embodiments 
apparent to those of ordinary skill in the art are also within the scope of this invention. Accordingly, the descriptrons 
above are intended merely to illustrate, rather than fimit the scope of the invention. 
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Part Ho. 


Oescri|itioa 


100 


coiled tubing drflling system | 


102 


power supply 


104 


tubing feel 


106 


tuboig guide 


110 


tiAhg injector 


112 


puller-thruster downhob tool 


114 


coiled tubing 


118 


connector 


119 


working unit . 


120 


bottom hole assembly 


122 


downhoie motor 

■ ■ ■ . 


124 


Measurement WhOe Drmmg (MWD) system 


126 


connector 

: .. : , . ^ _ 


130 


dribit 


132 


borehole 


134 


connection Sne 






200 


forward section 


201 


concentric cylindrical pqies 


202 


aft section 


203 


center section 


204 


innermost cylindrical pipe 


205 


opening 


206 


central flow channel 
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Part Mil 


UBSCnpillHI 




aft nrmnor morhanicfn 
dii yii|i|ici iiitsbiianisin 




vnrnnri rvfinrfrirnl nmfi 


212 


firct flnniiliic fratiirn flnm anniitiic) 
III At aiiiiuiiid iiuiuiii ifuiv aiiiiuiud/ 


21 2A 


first aft anniilus 


212F 


first forward annuhis 


2U 


niitpr rvlinririrni ninp 

UUiCl byilllUIIbOl |II|I6 


OIC 
41Q 


second annuhis (power flow annuhjsl 


21 oA 


second aft annuhis 


21 dF. 


second forward annuhis 


220 


vahre control pack 


Z22 


forward gripper mechanism 


224 


forward pistons . 


226 


forward barrel assembfies 


230 


forward reset chambers . 


232 


forward power chambers 


• 234 ' 


alt -pistons 


Zoo 


au Darrci assemoiias 


/*fU 


all icScl CndTItUci 


iAL 


Oil power cnamusrs 


246 


mner surface 


250. 


forward expandable bladder 


252 


aft fixoandable bladder 






302 


five filters 


304 


idler startlstop valve 
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Part No. 


DoscriptiOQ 


306 


six-way vahre 


310 


aft reverser valve 


312 


forward reverser vahre 






501 


threads 


502 


connector 

wVllllvwlUI 


503 


throads 


504 


rAayifll rvRnripr amI nliin 

itfUaAioi i#yifiiU6i dill fliuy 


505 


nort finer 


507 


snacfir niata 


510 


connector 


512 


coaiial cvfindar cnrf nfiin 


514 


sesls 


516 


forward ntstfln skin 


520 


forward fhiid chamhAr ' • 


522 


forward harrel ends 


524 


connectors 


526 


seels 


530 


forward oiston assemhlv 


532 


connectors 


534 


seals 


536 


forward section (of the forward fluid chamber 520) 


540 


aft section (of the forward fluid chamber 520) 


542 


packerfoot attachment barrel end 


544 


connector 
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Part Mo. 


wmsi i|iuuii 


546 


sssb 


550 


nackerf out assmhlv 




nkistAnuinf* hnilv 

■ OlOAIUIIKIIIIf liUUf 




Dnno caps 




ouiBf fnsndrsi 




cot Vn'OUfC 

del «MlsWa 


562 


shear nin% 




- |loll5 


gOD 


connBCioi 


inn 


aft piston skin 


0/2 


aft fluid cn^Dcr 


0/4 


aft barrel ends 


etc 
b/b 


aft piston assembly 


CQfl 


Torwaro secuon (oi me an iiuiu cnamDer o/zi 


DOZ 


aft ^nottAM fitf <kf# fill III #>li4mniir C #01 

. an seciion (ot ine aii iiuio cnonioei a/zi - 




iHiio cnanneis 






UU 1 


9U6«5 181181 giUUV8 




■ Sloll |ll|l65 


IhIJ 


58ol 




5oal5 


605 


threads 


II 606 


coaxial cylmder assembly flanges 


1 


seals 


1 610 


connectors 
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WHAT IS CLAIMED IS: 

1. A self propeDed tool for moving within a passage comprising: 
a body; 

8 gripper secured to said body including at least a gripper portion, said gn'pper portion havmg a 
5 first position in which said gripper portion Gmits movement of said gripper portion relatwe to an inner 

surface of said passage and a second position in which said gripper portion permits substantially free 
relative movement between said gripper portion and said inner surface; and 

a propulsion assembly for selecth/ely continuously moving said body with respect to said gripper 
portion of said gripper in said first position. 
10 2. The tool of Claim 1, wherein said propulsion assembly comprises at least a first piston having a 

head reciprocally mounted within a first barrel so as to define a first chamber on a first side of said head and a 
second chamber on a second side of said head. 

3. The tool of Claim 1, wherein said gripper includes a first gripper portion and a second gripper 
portion, each of said first and said second gripper portions having a first position in which said gripper portion 

15 engages an inner surface of said passage to limit movement of said gripper portion relathre to said inner surface of 
said passage and. a second position m which said gripper portion permits substantially free relatwe movement 
between said gripper portion and said inner surface; and wherein said propulsion assembly includes a first propulsion 
assembly portion for setect'nfely moving said body with respect to at least said first gripper portion of said gripper; 
and a second propulsion assembly portion f or selecthrely movmg said body with respect to at least said second 

20 gripper portion of said gripper. 

4. The tool of Claim 3, wherein said first propulsion assembly portion and said second propulsion 
assembly portion are arranged in series. 

5. The tool of Claim 1, wherein said gripper portion of said gripper comprises a first engagement 

bladder. 

25 6. The tool of Claim 1, further comprising a bottom hole assembly secured to said body of said tool 

7. The tool of Claim 6, wherein said bottom hole assembly further comprises a drill bit. 

8. The tool of Claim 1, wherein said passage defines an insertion location and said tool further 
comprises a directional control, said directional control alio wing. said tool to selectWely move toward and away from 
said insertion location within said passage. 

30 j9. The tool of Claim 1, wherein said propulsion assembly controls the speed of : said tool 

10. The tool of Claim 1, further comprising completion equipment secured to said body of said tool 

11. The tool of Claim 1, further comprising sensor equipment secured to said body of said tool 

12. The tool of Claim 1 , further comprising logging sensor equipment secured to said body of said tool 

13. The tool of Claim 1, further comprising a retrieval assembly secured to said body of said tool. 
35 14. The tool of Claim 1, further comprising pipeline servicing equipment secured to said body of said 

tool 
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15. . The tool of Claim 1, further comprising communicatbns line equipment secured to said body of 

said tool 

16. The tool of Claim 1, wherein said body is one of a plurality of bodies, said bodies b^ing connected 

in series. 

5 17. A selff ropeDed tool for moving within a passage comprismg: 

a body; 

a gr^iper secured to said body ihchjding a first gripper portion and a sftond gripper portion, each 
of said first and said second gripper portions having a. first position in which said gripper portion engages 
an inner surface of said passage to limit movement of said gripper portion relative to said inner surface of 
10 said passage and a second position in which said gripper portion permits substantially free reiathre 

movement between said gripper portion and said mner surface; and 

a propulsion assembly comprising: 

a first propulsion assembly portion for selecthrely moving said body with respect to at least said 
first gripper portion of said gripper; and 
15 a second propulsion assembly portion for selectively moving said body with respect to at least said 

second gripper portion of said gripper. 

18. The tool of Claim 17, further comprising a control for ahernathrely actuating said first propulshin 
assembly portion and said second propulsion assembly portion so that sahi tool is continuously movable with respect 
to said inner, surface of said passage. 
20 19. The tool of Claini 1 8, wherein said f vst and second propulsion assembly portions are actuated with 

fluid; 

20. The tool of Claim 19, further comprising a vah/e control pack that distributes fluid throughout the 

tool. 

21. The tool of Claim 18, wherem said first propulsion assembly portion and said second propulsion 
25 . assembly portion are arranged in series. 

22. The tool of Claim 17, wherein each of said first propulsion assembly portion and said second 
. propulsion assembly portion comprises a piston having a head reciprocally mounted within a first barrel so as to 

define a first chamber on a first side of said head and a second chamber on a second side of said head. 

23. The tool of Claim 22, wherein said propulsion assembly comprises an open system. 

30 24. The tool of Claim 23, wherein said body is generally cylindrical and said body, said piston of said 

first propulsion assembly portion and said piston of said second propulsion assembly portion are coaxiafly positioned. 

25. The tool of Claim 22, wherein said propulsion assembly comprises a closed system. 

26. The tool of Claim 25, wherein said body is generally cylindrical and said body, said piston of said 
first propulsion assembly portion and said piston of said second propulsion assembly portion are coaxially positioned. 

35 27. The tool of Claim 22, wherein said head of said fvst piston and said head of said second piston 

move in. opposite d'trections, such that one of said pistons is reset while one of said pistons powers said tool 
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28. The tool of Ciatm 27, wherein one said piston is reset before said other piston completes a power 

stroke. 

29, The tool of Claim 17, wherein said frst propulsion assembly and second propulsion assembly 
control the speed of the tooL 

5 30. The tool of Claim 17, further comprising a bottom hole assembly secured to said body of said tool 

31. The tool of Claim 30, wherein said bottom hole assembly further comprises a driD bit. 
3Z The tool of Claim 17, wherein said passage defines an insertion location and said tool further 
comprises a directional control, said directional control allowing said tool to selecthrely move toward and away from 
said insertion location within said passage. 
10 33. The tool of Claim 17, further comprising completion equipment secured to said body of said tool 

34. The tool of Claim 17, further comprising sensor equipment secured to said body of said tool. 

35. The tool of Claim 17, further comprising logging sensor equipment secured to said body of said 

tool. 

36. The tool of Claim 17, further comprising a retrieval assembly secured to said body of said tool 
IS 37. The tool of Claim 17, further comprising pipeline servicing equipment secured to said body of said 

tool 

38. The tool of Claim 17, further comprising communications fine equipment secured to said body of 

said tool 

39. The tool of Claim 17, wherein said body is one of a plurality of bodies, said bodies connected in 

20 series. 

40. A self-propelled tool for moving within a passage, comprising: 
a body; 

. a first engagement bladder secured to said body having a first position in which said first 
engagement bladder engages an inner surface of said passage and limits movement of said first engagement 
25 bladder relatWe to said inner surface of said passage and a second position in which said first engagement 

bladder permits substantially free relative movement between said first engagement bladder and said inner 
. surface; and 

a propulsion assembly for selecthrely moving said body with respect to said first engagement 
bladder when said first engagement bladder is in said first position. 
30 41. The tool of Claim 40, wherein said propulsion assembly comprises at least a first piston having 

a head reciprocally mounted within a first barrel so at to define a first chamber on one side of said head and a 
second chamber on the other side of said head. 

42. The tool of Claim 41, wherem said propulsion assembly comprises an open system. 

43. The tool of Claim 41, wherein said propulsion assembly comprises a closed system. 
35 44. The tool of Claim 41, further comprising a generaDy central flow channel 
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45. The tool of Claim. 44, wherein fhiid in said central flow channel is selactivety forced into one of 
said first chamber and said second chamber. 

46. The tool of Claim 40, wherein said propulsion assembly controls the speed of said tool 

47. The tool of Claim 40, wherein said propulsion assembly further comprises a pump for selectively 
5 forcmg fluid into one of said fn-st chamber and said second chamber. 

48. The tool of Claim 40, further comprising a second engagement bladder secured to said body, said 
second engagement bladder having a first position in which said second engagement bladdSr engages an inner surface 
of said passage and Emits movement of said second engagement bladder relathre to said mner surface of said 
passage and a second position in which said second engagement bladder permits substantially free relative movement 

10 between said second engagement bladder and said inner surface, and wherein said propulsion assembly comprises: 
a first propulsion assembly portion for selectively movmg said body with respect to at least said 

first engagement bladder; and 

a second propulsion assembly portion for selectively moving said body with respect to at least said 

second engagement bladder. 

15 49. The tool of Claim 48, wherein said first propulsion assembly and said second propulsion assembly 

control the speed of said tool. 

SO. the tool of Claim 48, further comprising a control mechanism for atternathrely actuating said first 
propulsion assembly portion and said second propulsion assembly portion so that said tool is continuously movable 
with respect to said inner surface of said passage: 
20 ^0^1 ^^^^ wherein said first propulsion assembly portion and said second propulsion 

assembly portion are arranged in series. 

5Z The tool of Claim 40, comprbing a plurality of engagement bladders. 

53. The tool of Claim 40, further comprismg a bottom hole assembly secured to said body of said tool 

54. The tool of Claim S3, wherein said bottom hole assembly further comprises a driO bh. 

25 55. The tool of Clakn 40, wherein said passage defines an bisertion location and said tool further 

comprises a directional control said directional control allowing said tool to selecthrely move toward and away from 
said insertion location within said passage. 

56. The tool of Claim 40, further comprising completion equ^lment secured to said body of said tool 

57. The tool of Claim 40, further comprising sensor equipment secured to said body of said tool. 
30 58. The tool of Claim 40, further comprising logging sensor equipment secured to said body of said 

tool. 

59. The tool of Claim 40, further comprising a retrieval assembly secured to said body of said tool 

60. The tool of Claim 40, further conii::::;in9 pipeline rcrvicing equipment secured to said body of said 

tool 

35 81. The tool of Claim. 40, further comprising communications line equipment secured to said body of 

said tool. 
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62. The tool of Claim 40, wherein said body is one of a phiralky of bodies, said bodies connected in 

series. 

63. A seif-propelted tool for moving within a passage comprising: 
a generaDy cylindrical body; 

5 a gripper secured to said body including a plurality of gripper portions, each of said plurality of 

grqiper portions having a first position in which said gripper portion engages an inner surface of said 
passage and limits movement of said gripper portion relative to said inner surface and a second position 
in which said gripper portion permits substantially free relative movement between said gripper portion and 
said inner surface; and 

10 a propulsion assembly for selectively moving said body with respect to at least one gripper portion 

of said gripper in said first position, said propulsion assembly comprising: 

at least a first piston having a head reciprocally mounted within a first barrel so as to 
define a first chamber on a first side of said head and a second chamber on a second side of said 
head; and . ; 

15 a fluid system for selectively forcing fluid into said first chamber and said second 

chamber, wherem said propulsion assembly defines ah open system. 

64. The tool of Claim 83, wherein said fluid system comprises a vahre control pack for distributing 
fluid throughout the tool 

65. the tool of Claim 63, further comprising a bottom hole assembly secured to said body of said tool 
20 66. The tool of Claim 65, wherein said bottom hole assembly further comprises a drill bit. 

67. The tool of Claim 63, wherein said propulsion assembly controls the speed of the tool 

68. The tool of Claim 63, wherein said passage defines an insertion location and said tool further 
comprises a directional control, said directional control allowing said toot to selecthrely move toward and away from 
said insertion location within said passage. 

25 69. The tool of Claim 63, further comprising completion equipment secured to said body of said toot. 

70. The tool of Claim 63, further comprising sensor equipment secured to said body of said tool. 

71. This tool of Claim 63, further comprising logging sensor equipment secured to said body of said 

tool. 

72. The tool of Claim 63, further comprising a retrieval assembly secured to said body of said tool 
30 73. The tool of Claim 63, further comprising pipefme servicing equipment secured to said body of said 

tool 

74. The toot of Claim 63, further comprisbg communications line equipment secured to said body of 

said tool. 

75. The toot of Claim 63, wherein said body is one of a plurality of bodies, said bodies be'mg 
35 connected in series. 

76. A method of propelling a tool having a body within a passage, comprising: 
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causing a first gripper portion of a gripper to assume a first position in which said first gripper 
portion engages an Inner surface of said passage and Ihnits movement of said first gripper portion relative 
to said inner surface; 

causing said first gripper portion to assume a second position in which said first gripper portion 
5 permits substantially free relative movement between said first gripper portion and said inner surface; 

causing a second gripper portion to assume a first position in which said second gripper portion 
engages said inner surface of said passage and fimits movement of said second gripper portion relafive to 
said inner surface; 

causing said second gripper portion to assume a second position in which said isecond gripper 
10 portion permits substantially free relathre movement between said second gripper portion and said inner 

surface; and 

selectwely continuously moving said body with respect to at least one gripper portion of said 
gripper in said first poshion. 

77. The method of Claim 76, further comprising the steps of alternately moving said body with respect 
15 to said first gripper portion when said first gripper portion is in said first position and moving said body with respect 

to said second gripper portion when said second gripper portion is in said first position so that said tool is 
continuously moveable whh respect to said inner surface of said passage. 

78. the method of Claim 76. further comprismg the step of forcing fluid into said passage to 
selectively move said body with respect to said first gripper portion in said first position and said second grqiper 

20 portion In said first position. 

79. The method of Claim 78, whereb said fluid is ambient fluid. 

80. The method of Claim 79, wherein said fluid is drilling mud. 

81. . The method of Claim 78, wherein said fluid is hydraulic fluid. 

82. The method of Clahn 76, wherein said first gripper portion comprises a first engagement bladder 
25 . and said second gripper portion comprises a second engagement bladder. 

83. The method of Claim 82, wherein said first engagement bladder is selectively fifled wKh fluid to 
engage said inner surface of said passage. 

84. The method of Claim 83, where'm said fluid is ambient fluid. 

85. The method of Claim 84, wherein said fluid is drilling mud. 
30 86. The method of Claim 83, wherein said fluid is hydrauGc fluid. 

87. The method of Claim 76, further comprising the step of providing a propulsion assembly to propel 
said tool, said propulsion assembly comprising at least a first piston having a head reciprocally mounted within a first 
barrel so as to define a first chamber on a first side of said head and a second chanriber on a second side of said 
head, further comprising reciprocating said head of said first piston within said first barrel . 
35 88. The method of Claim 87, further comprising the step of forcing a fluid within safal first cavity of 

said first barrel to move said head within said first barrel. 
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89. The method of Claim 8B» further comprismg the step of alternately forcing a fluid into, said first 
chamber and said second chamber to cause said head to reciprocate within said first barrel 

go. The method of Claim 76, further comprising the step of causing a dri bit secured to said body 
to continuously penetrate a formation as said tool continuously moves. 
5 91. The method of Claim 76, further comprising the step of moving weD completion equipment within 

a passage. 

92. The method of Claim 76, further comprising the step of moving sensor equipment within a passage. 

93. The method of Claim 76, further comprising the step of moving logging sensor equipment within 
. a passage. 

10 94. The method of Claim 76, further comprising the step of moving a retrieval assembly within a 

passage. 

95. The method of Claim 76, further comprising the step of moving pipeline service equipment within 
a passage. 

96. The method of Claim 76, further comprising the step of moving communications line equipment 
15 within a passage. 

97. . The method of Claim 76, wherein said body is one of a plurality of bodies, said bodies being 
connected in series. 

98. A method of propeffing a tool having a generally cylindrical body and a gripper including a pluraBty 
of gripper portions within a passage, comprising: 

20 causing a first gripper portion to assume a first position in which said first gripper portion engages 

an inner surface of said passage and limits movement of said first gripper portion relative to said inner 
surface; 

moving said body with respect to said first gripper portion when said first gripper portion is in 
said first position; 

25 causing said first gripper portion to assume a second position in which said first gripper portion 

permits substantially free relathfe movement between said first gripper portion and said inner surface; 

causing a second gripper portion to assume a first position in which said second gripper portion 
engages an inner surface of said passage and limits movement of said second gripper portion relative to 
said mner surface; 

30 moving said body with respect to said second gripper portion when said second gripper portion 

is in said first position; 

causing said second gripper portion to assume a second position in which said second gripper 
portion permits substantially free relative movement between said second gripper portion and said Inner 
surface; and 

35 selecthely continuously moving said body with respect to at least one gripper portion of said 

gripper in said first position. 
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99. The method of Ciakn 98, further comprising the step of forcing fluid into said passage to 
selectively move said body whh respect to said fffst gr^er portion in said first position and said second gripper 
portion in said first position. 

100. The method of Claim 99, wherein said fluid is ambient fluid. 
5 101. The method of Claim 100, wherein said fluid is drOGng mud. 

102. The method of Claim 99, wherein said fluid is hydrauGc fhiid. 

1 03. The method of Claim 98, further comprising the steps of alternately movmg said body with respect 
to said first gripper portion when said first gripper portion is in said first position and moving said body with respect 
to said second gripper portion when said second gripper portion is in said first position so that said tool is 

10 continuously movable with respect to said inner surface of said passage. 

104. The method of Claim 98, further comprising the step of providing a propulsion assembly to propel 
said tool, said propulsion assembly comprising at least a first piston having a head reciprocaliy mounted within a first 
barrel so as to define a first chamber on a first side of said head and a second chamber on a second side of said 
head, further comprising reciprocating said head of said first piston within said first barrel. 

15 105. The method of Claim 104, further comprising the step of forcing a fluid into said first chamber 

and said second chamber to reciprocate said head withm said, barrel 

106. The method of Claim 105, wherein said forcing fluid step comprises forcing ambient fluid within 
said passage into one of said first charnber and said second chamber to reciprocate said head within said barrel 

107. The method of Claim 106, wherein said forcing fhiid step comprises forcing drilling mud within 
20 said passage itito said first chamber and said second, chamber to reciprocate said head within said barrel 

108. The method of Claim 104, further conqiriskig at least a second piston having a head reciprocally 
mounted within a first barrel so as to define a first chaniber on a first side of said head and a second chamber on 
a second side of said head, further comprising reciprocating said head of said first piston within said first barrel and 
said head of said second piston withm said second barrel such that said first head and said second head move in 

25 opposite dmtions. 

109. The method of Claim 108, wherein said head of said first piston and said head of sahl second 
piston reciprocate such that said first piston and said second piston alternately complete a stroke first. 

110. The method of Claim 98, further comprising the step of moving weO completion equipmeiit within, 
a passage. 

30 111. The method of Claim 98, further comprising the step of moving sensor equipment within a passage. 

112. The method of Claim 98, further comprising the step of moving logging sensor equipment within 
a passage. 

113. The method of Claim 98, further comprising the step of moving a retrieval assembly within a 

passage. 

35 114. The method of Claim 98, f urther comprising the step of moving pipeline service equipment within 

a passage. 
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115. The method of Claim 98, further comprising the step of moving communications Bne equipment 
within a passage. 

.116. The method of Clabn 98, wherein said body is one of a pluraGty of bodies, said bodies being 
connected in series. 

5 117. A method of propelling a tool having a generally cylindrical body within a passage, secured to the 

body is a gripper tnchiding a first engagement bladder and a second engagement bladder, compris'mg: . 

inflating said first engagement bladder to cause said first engagement bladder to assume a first 
position in which said first engagement bladder engages an inner surface of said passage and limits 
movement of said first engagement bladder relative to said inner surface; 
10 deflating said first engagement bladder so that said first engagement bladder assumes a second 

. position in which said first engagement bladder permits substantially free relative movement between said 
first engagement bladder and said inner surface; and 

selectively continuously moving said body with respect to at least one engagement bladder of said 
gripper in said first position. 

15 118. The method of Claim 117, wherein said tool further comprises a second engagement bladder, said 

method further comprising: 

inflating said second engagement bladder to cause said, second engagement bladder to assume a 
first position in which said second engagement bladder engages an inner suriface of said passage and limits 
movement of said second engagement relathre to said inner surface; and 
20 deflating said second engagement bladder so that said second engagement blaidder assumes a 

second position in which said second engagement bladder permits substantially free relathre movement 
between said second engagement bladder and said inner surface. 

119. The method of Claim 118, further comprisnig alternately moymg said body with respect to said 
first and said second engagement bladders of said gripper in said first position. 
25 120. The method of Claim 117, wherein said first engagement bladder is inflated by filling saki 

engagement bladder with fhiid. 

121. The method of Claim 120, wherein said fluid is ambient fhiid. 

122. The method of Claim 121, wherem said fluid is drilling mud. 

123. The method of Claim 120, wherein said fluid is hydraulic fluid. 

30 1 24. The method of Claim 1 1 7, further comprising the step of providing a propulsion assembly to propel 

said tool said propulsion assembly comprising at least a first piston having a head reciprocally mounted within a first 
barrel so as to define a first chamber on a first side of said head and a second chamber on a second side of said 
head, further comprising reciprocating said head of said first piston within said first barrel. 

1 25. The method of Claim 1 24. wherein one of said first and second chambers is in fluid communication 

35 with said engagement bladder. 
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126. The method of Claim 124, further comprbmg the step of forcing a fluid within said first chamber 
of said first barrel to move said head within said first barrel 

127. The method of Claim 124, further comprising the step of alternately forcing a fluid mto said first 
chamber and said second chamber of said first barrel to cause said head to reciprocate within said barrel 

5 128. The method of Claim 125, wherein said forcmg fhiid step comprises forcing ambient fluid whhm 

said passage into said first chamber and said second chamber to reciprocate said head within said barrel 

129. The method of Claim 125, wherein said forcing fluid step comprises forcing drilling mud within 
. said passage into said first chamber and second chamber to reciprocate said head within said barrel 

130. The method of Claim 117, further comprising the step of securing said tool to a bottom hole 

10 assembly. 

131. The method of Claim 130, further comprising positioning said tool within said passage using 
information from a measurement while drilling device located in said bottom hole assembly. 

132. The method of Claim 130, further comprising causing a drill bit located in said bottom hole 
assembly to continuously contact and penetrate an inner surface of said passage. 

15 1 33. The method of Claim 1 1 7, further comprising the step of moving well completion equipment within 

a passage. 

134. The method of Claim 117, further comprising the step of moving sensor equipment within a 

. passage. 

135. . The method of Clann 117, further comprising the step of moving logg'mg sensor equipment within 
20 a passage. 

136. The method of Claim 117, further comprising the step of moving a retrieval, assembly withm a 



1 37. The method of Claim 1 1 7, further comprising the step of moving pipeline service equipment within 
. a passage. 

25 138. The method of Claim 117, further comprising the step of moving communrcations line equipment 

within a passage. 

139. The rhethod of Claim 117, wherein said body is one of a plurality of bodies, said bodies being 
connected in series. 

140. A method of propelling a toot having a generally cylindrical body within a passage, secured to said 
30 body is a gripper including a gripper portion, comprising: 

causing said gripper portion to assume a first position in which said gripper portion engages an 
inner surface of said passage and limits movement of said gripper portion relative to said inner surface; 

causing said gripper portion to assume a second position in which, said gripper portion permits 
substantially free relative movement. between said gripper portion and said inner surface; and 
35 forcing ambient fluid into said passage to selectively continuously move said body with respect 

to said gripper portion of said gripper in said first position. 
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141. The method of Claim 140, further comprising a first gripper portion and a second gripper portion. 

142. The method of Claim 141, wherein said first gripper portion comprises a first engagement bladder 
and said second gripper portion comprises a second engagement bladder. 

143. The method of Clasn 142, wherein said fbst engagement bladder is fiHed with ambient fluid to 
5 engage said inner surface of said passage. 

144. The method of Claim 140, further comprising the step of moving a bottom hole assembly within 
a passage. 

145. The method of Claim 140, further comprising the step of moving well completion equipment within 
a passage. 

10 146. The method of Claim 140, further comprising the step of moving sensor equipment within a 

passage. 

147. The method of Claim. 140. further comprising the step of moving togging sensor equipment within 
a passage. 

148. The method of Claim 140, further comprising the step of moving a retrieval assembly within a 

15 passage. 

149. The method of Claim 140, further comprising the step of movmg pipeline service equipmerit within 
a passage. 

150. The method of Claan 140, further comprising the step of moving communications line equipment 
within a passage. 

20 151. The method of Claim 140, wherein said body is one of a plurality of bodies, said bodies being 

connected in series. 

152. A method of propelling a tool having a generally cylindrical body within a passage, secured to said 
body is a gripper including a gripper portion, compris'mg: 

causing said gripper portion to assume a first position in which said gripper portion engages an 
25 inner surface of said passage and limits movement of said gripper portion relathfe to said inner surface; 

causing saM gripper portion to assume a second posftion in which said gripper portion permits 
substantially free relative movement between said gripper portion and said inner surface; 

providing a propulsion assembly for selectively moving said body with respect to said gripper 
portion of said gripper in said first position, said propulsion assembly comprising at least a first piston 
30 having a head reciprocally mounted within a first barrel so as to define a first chamber on a first side of 

said head and a second chamber on a second side of said head; and 

selectively continuously moving said body with respect to said gripper portion of said gripper in 
said first position by forcing fluid into said first chamber to move said head within said first barrel. 

153. The method of Clann 152, further comprising the step of moving a bottom hole assembly within 
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154. The method of Claim 152, further comprisinQ the step of forcing fluid into said second chamber 
to move said head within said first barrel. 

1 55. The method of Claim 1 52, further comprising the step of moving well completion equipment within 
a passage. 

5 156. The method of Claim 152, further comprising the step of moving sensor equipnnent within a 

passage. 

157. The method of Claim 152, further comprising the step of moving loggiri^ sensor equipment within 
a passage. 

158. The method of Claim 152, further comprismg the step of moving a retrieval assembly within a 

10 passage. 

159. The method of Claim 152, further comprising the step of moving pipeline service equipment within 
a passage. 

160. The method of Claim 152, further comprising the step of moving communications line equipment 
within a passage. 

15 161. The method of Claim 152, wherein said body is one of a phirafity of bodies, said.bodies bemg 

connected in series. 
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